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TRESSES IN THE STEEL FRAMES OF OFFICE | 
7 BUILDINGS 


I. Intropvuotion. 


% Preliminary. —The increase in the price of land in large cities 


has made it necessary to build high buildings in order to get a large 
_ rentable floor space on a small parcel of land. The type of building 
- generally used is known as the steel-skeleton building. In this type of 


building the live and dead loads, including the weight of the walls, are 
carried by a system of beams and girders to columns and are carried by — 
the columns to the footings. 

In high buildings the horizontal shear due to the wind iat is very 
large; and, since it is usually impracticable to put diagonal braces be-. 
tween the columns, it is customary to make the steel frame rigid enough 
to resist the horizontal shear by virtue of the stiffness of the columns 
and girders. The exact determination of the stresses in a steel frame 
due to a horizontal shear is one of the problems of structural engineering 
which remains to be solved. While the writers realize that the method of ~ 
determining these stresses presented in this bulletin is based upon as- 
sumptions which are not exactly true, they believe that the method is 
more accurate than the methods ordinarily used. 

2. Acknowledgment.—Messrs. Anderson, Becker, Gomez, and 
Richart, graduate students in the College of Engineering of the Uni- 


versity of Illinois, calculated the moments in Table 23, and the moments 


as determined by methods I, II, and III in the keys to the diagrams 
in Figs. 10, 11, and 12, and assisted with the calculations necessary to 
determine the curves shown in these figures. Professor Ira O. Baker 
and Professor C. A. Ellis rendered valuable assistance, criticizing the 
bulletin during its prepartion. The writers gratefully acknowledge in- 
debtedness to these men. 


II. Present MeTHops oF CALCULATING WIND STRESSES IN OFFICE 
BUILDINGS. 


3. Classification of Methods.—Methods of calculating wind stresses 
in the steel frames of office buildings may be divided into two classes, 
z.: (1), those used in the actual design of buildings and (2), those 


icly Wave wesulied’ freeianteltor: iaeaee ate ae 
_ stresses. In the methods of the first class, accuracy has been sacrificed 
_ to shorten and simplify the calculations. In the methods of the second 
class, the aim has been to make an exact analysis rather than an analysis ; 
that can be used in the actual design of a building. tae 
For the sake of convenience in reference, methods of the first class 
are designated as approximate methods, and those of the second class 
i are designated as exact methods. 
4 pee Approaimate Methods—(a) Fleming’s Methods. Mr. R. 
Fleming, in an article in Hnginecring News, describes three methods, 
which are in current use.* These methods are designated as methods I, 
II, and III. The three methods, as applied to a building in which all 
columns of a story have the same section, are based upon the following 
assumptions : 


Assumptions in Method I. 


1. A bent of a frame acts as a cantilever. 

2. The point of contra-flexure of each column is at mid-height of 
the story. 

3. The point of contra-flexure of each girder is at its mid-length. 

4, The direct stress in a column is directly proportional to the 
distance from the column to the neutral axis of the bent. 


Assumptions in Method II. | 


1. A bent of a frame acts as a series of portals. 


2. The point of contra-flexure of each column is at mid-height of ~~ 
the story. 


3. The shear is the same on all columns of a story. 


4, ach pair of adjacent columns of a bent acts as a portal, and 
each interior column is a member of two adjacent portals. The direct 
stress in an interior column, when the column is considered as a mem 
ber of the portal on one side, is of opposite sign from the direct stress 
in the same column when considered as a member of the portal on the 
opposite side and the resultant direct stress is equal to zero. 


*Wind Bracing without Diagonals for Steel-F ildi i i 
ea sore g or Steel-Frame Office Buildings, Engineering News, 


Assumptions in Method IIT. 

J A bent of a frame acts as a continuous portal. ia 

2. The point of contra-flexure of each column is at mid-height of © 

the story. . 3 iy 

8. ‘The direct stress in a column is directly proportional to theo as 
distance from the column to the neutral axis of the bent. 

4. The shear is the same on all columns of a story. 

(b) Smith’s Methods. Professor Albert Smith, in a paper before 

the Western Society of Engineers, describes a*method which he has 

used in his classes in Structural Engineering at Purdue University.t 
This method is here designated as Method IV. 

Assumptions in Method IV. 

1. The point of contra-flexure of each column is at mid-height of 
the story. 

2. The point of contra-flexure of each girder is at its mid-length. 

3. The shears on the internal columns are equal and the shear on 
each external column is equal to one-half of the shear on an interior 
column. 

If all of the assumptions of any of these methods are accepted, the 
stresses in a frame may be determined by applying the fundamental 
equations of static equilibrium. It is apparent from the assumptions 

that the results obtained by these methods are radically different. 
: 5. Exact Methods—(a) Melick’s Method. Dr. Cyrus A. Melick* 
used a method which takes into account the form of the elastic curves 
and the deflections and changes in length of the members. The method 
is so long that, when applied to a building only four stories high, the 
amount of work required is almost prohibitive. To apply it to a build- 
ing twenty stories high would be impracticable if not, in fact, impossible. 
(b) Jonson’s Method. Mr. Ernest F. Jonson suggested a method 
which takes into account the deflections of the columns and the changes 
in the slopes of the tangents to the elastic curves of the columns and 
girders at the points where they intersect.t 
If the method which he suggests were used, it would give the 
stresses with a fair degree of accuracy; but his method involves so many 
unknowns that its use would not be practicable in the actual design of 
buildings. ; 


Wind Stresses in the Frames of Office Buildings, by Albert Smith, Journal Western 
Society of Engineers, Vol. XX, No. 4, pD. 841. : : 
*Stresses in Tall Buildings, by Cyrus A. Melick. Bulletin No. 8, College of Engineering, 
University of Ohio. pect a eae 
The Theory of Frameworks with Rectangular Panels and Its Application to Buildings 
eee Have to Resist Wind, by Ernst F. Jonson, Tran. Am. Sec. C. E., Vol. 55, p. 413. 
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(ec) Method of Least Work. Professor Albert Smith has deter- 
mined the wind stresses in symmetrical bents having two, three, and — 
four spans by the method of least work.* This method is exact, but, of ks 
course, is extremely long. 


III. Ovuriine oF THE PROPOSED ANALYSIS. © 

6. Outline of the Method.—In making an analysis of the stresses, 
the writers made certain assumptions and applied certain fundamental 
principles of mechanics and obtained equations from which the stresses 

jn a frame can be determined. The assumptions which have been made 
are stated in Section IV and the derivation of the equations is given in 
Sections V and VI. 

It can be proven that the moment at an end of a member of a 
frame is a function of the changes in the slopes of the tangents to the 
elastic curve of the member at its ends and of the deflection of one end 
of the member relative to the other end (see equation A, page 13). 

In the strained position, all the columns and girders which intersect 
at one point have been subjected to the same change in slope (see as- 
sumption 1, Section IV); the vertical deflections of the ends of all 
girders are equal to zero; and the horizontal deflections of the tops of 
all columns of a story are equal (see assumption 2, Section IV). ’ 

Consider any story of a bent. Take the point of intersection of 
the neutral axes of a column and a girder as a free body. It is in equi- 
librium under the action of the moments at the extremities of the col- 
umns and girders which intersect at the point. Each of the moments 
may be expressed in terms of the changes in the slopes at the extremities 
of the member, and the deflection of one end of the member relative to 
the other. A moment equation can therefore be written for each point 
where the columns and girders intersect, and the only unknown quan- 
tities will be the changes in the slopes at the extremities of the columns | 
and the horizontal deflections of the columns in a story. 

If all the columns of a story be taken together as a free body, the 
sum of the moments at the two extremities of all the columns will be 
balanced by a couple whose moment is equal to the total shear on the 
story multiplied by the story height. The shear and the height of the 
story are known, and the moments in the columns can be expressed in 
terms of the slopes and the deflections at their extremities the same as in 
the previous equations. It is therefore possible to write as many equations 
for each story as there are columns in the story, plus one. As the only 


*Wind Stresses in the Frames of Office Buildin s, by Albert Smith 
Society of Engineers, Vol. XX, No. 4, p, 841. 4 z + ah Den ye 


ee 


n quantities in these equations are the changes in the slopes at the 


ities of the columns and the deflection in a story common to all 
nns, there are as many equations per story as there are unknowns. 


Py, 
Soe 


mined. Knowing the slopes and the deflections, the moments can be 


The product of the shear on a member and the length of the mem- 
ber is equal to the algebraic sum of the moments at the extremities of the 
member. Since the moments and the length of the member are known 
the shear can be computed. 

With the shears in the girders known, the direct stress in any col- 
umn can be determined by taking the column as a free body and equat- 
ing the sum of the vertical forces to zero. , 

The direct stress in a girder may be determined in a similar manner. 

The method just described is based upon the proposition in me- 
chanics used by Mr. Jonson, but the method which the writers have 
developed differs from the one used by him in ‘that the changes 
in the slopes and the deflections have been used as the unknown quanti- 
ties instead of the direct stresses and the moments. Four members, 
two columms and two girders, intersect in a point. Each member is 
subjected to a different direct stress and a different moment, whereas all 


‘of the members are subjected to the same change in slope, and all of 


the columns in a story are subjected to the same deflection. It is there- 
fore apparent that there are fewer unknown slopes and deflections than 
moments and direct stresses. The large reduction in the number of 
unknowns very much simplifies the solution of the equations. 


IV. Assumprions Upon WHIcH THE ANALYSIS Is BASED. 


y, Statement of Assumptions—The proposed analysis is based 
upon the following assumptions: 

1. The connections between the columns and girders are perfectly 
rigid. . 
2, The change in the length of a member due to the direct stress 
is equal to zero. 

3. The length of a girder is the distance between the neutral 
axes of the columns which it connects and the length of a column is 
the distance between the neutral axes of the girders which it connects. 

4. The deflection of a member due to the internal shearing stresses 


is equal to zero. ~ 


point is equal to the moment of the area of the 


5. The wind load is resisted ee by the steel f 
These assumptions will be discussed in Section XI. 


v. hee a Equation. Z- * 


this laa. is based upon the fcitewing proposition : 
When a member is subjected to flecure, the deflection of any ee 


in the neutral axis from the tangent to the elastic curve at any other — 


— diagram for the 
portion of the member between the two points, about the point where the 
deflection is measured. 

9. Proof of the Proposition—The line AB, Fig. 1, represents the 
neutral axis of a member subjected to flexure. The deflection of the 
member is very much exaggerated in the figure.- The actual deflection 
is so small that the length of the curve may be considered equal to its 
horizontal projection. It is required to prove that the deflection of any 
point P from the tangent to the line AB at any other point Q is equal to 


PM 
[-# dx-a. 


Extend the tangents at the extremities of an element of the curve 
until they intersect the vertical line through P. The intercept on this 
vertical line between two consecutive tangents is equal to a-d6. . The 
total deflection of P from the tangent at Q is equal to the algebraic 
sum of these intercepts for the elements of the elastic curve between 


P 
the points Q and P. That is, y= i xd§. The equation of the 
Q 


elastic curve may be written a = Substituting the value of dé 


from this equation in the expression for y, gives y = y i — du-x. 
Q 


f 


The quantity +7 de can be considered as an elementary area of the —— Fr 


; : PM 
diagram. The quantity / : ay ite can therefore be considered as the 


ie eS. 
moment of the 7 diagram about the point P. 


Le 


es moment at ri is tah by Maz and 2 B & a “= 
ange in the slope of the elastic curve at A due to the external 
The deflection of A from | 
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at A is represented by (d—J/-6,). The F diagram is shown in Fig. 3. 


The signs of the quantities are determined by the following rules: 

The change in the slope, or the angular deformation, is positive 
(+) when the tangent to the elastic curve of the member is turned in 

a clockwise direction. 

Distances and deflections are positive when they are measured in 
the same direction from the base line as are positive slopes. 

The moment acting upon a member at the section where the deflec- 
tion is measured is positive (+) when it produces a clockwise rotation. 

Substituting (d —1-6z), the deflection of A from the tangent at B, 


© : ee fe ey 4 er 
for yin the equation y= Hf iy dcx, gives ee 


(d—1-6p) =| 3 X tes. 
“Substituting the value of M from i equation. 


M=Myis Meee gives 


; ae Mya 
a (d= tm) = | 72 oie + | me Maa Miho 


: If the material is homogeneous and the section uniform, / and 
Tare constants. Performing the indicated integration, gives — 


Pe - _ Maz P Mpa P Mas P 

— eee TH gS hg ae | 
J . 
; = 16, + a 5 | Bion t+ Maw | et n>. eh 


Substituting (d—1-0,), the deflection of B from the tangent at A, — 


M 
for y in the equation, y = ‘i aT dxx, gives 


awe A 
(d—1-6,) =f FT aan 


The moment at any section in the member, when considering the 
deflection at B, is of opposite sign from the moment at the same section 
when considering the deflection at A. (See preceding rule for determin- 


ing the sign of the moment.) 
Substituting the value of M from the equation 


M,sp—M 
ioe {a |e xine 


M — M. 
(d —1-64) =|-F = od i dx or 


soe _ Mas? ik 4 Mp, [? ; 
"ETS ORT BS SAT Ee 


e | 
ote TOR | Mor 20hae | Vile) ola ts aha igte) Osher ee ReMer tS (2) ‘ 
Multiplying equation (2) by 2, gives 
I? ‘ 
2d= 210, +e | —2Mox— Aan | ao! atten s olisite aeewee ee (3) 


ad=1-6,— 


_ Fic. 2. Derivation oF FuNpDaA- 
MENTAL EQUATION. Fic. 3. —— D1acraM. 
EI 


Adding equations (1) and (3) gives 


2 
3d = 21-6, + 1-65 +ar|- 3M ap | 


Substituting K for + and # for a and solving for Map, gives, 
Mae e BE [26,4 Og OR] ee ee isa (A) 


- When d= 0, equation (A) becomes 


Mip=2 EK (2 64 + 43) nue Bed IRDA rae C Icy Rear (B) 
Equation (A) is general and may be applied to any length of any 


- member in bending provided the length considered has no intermediate 


external force applied to it. That is, one or more of the quantities 
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: ; fies 
Oa, Oa, and d may be ee and ee ay vill still 
moment at the point A in both magnitude and sign. “Equation 
the fundamental equation upon which the analysis which follows is | 
- Equation (B) is a special form of equation (A). Equation (A) ma 
be expressed as follows: 
The moment at the end of any member is equal to 2EK fimek Ee - 
quantity: Two times the change in the slope at the near end plus the — 
change in the slope at the far end minus three times the deflection 
ss diwided by the length. E is the modulus of elasticity of the material and 
Kis the ratio of the moment of inertia to the length of the member. “i 
:” 
: 


VI. DERIVATION OF GENERAL EQUATIONS. 


11. Notation—The following notation has been used: 

A, B,C, etc. = the columns of a bent, beginning at the right and 
reading toward the left. 

a, b, c, etc.= the bays of a bent, beginning at the right and reading 
toward the left. The girder in bay a is designated as girder a, in 
bay 0 as girder b, in bay ¢ as girder ¢, ete. 

A,, A,, Az, etc. = the intersections of the neutral axes of the girders at 
the tops of the first, second, third, etc., stories with the neutral axis 
of column A. 

B,, B,, B,, etc. = the intersections of the neutral axes of the girders at 
the tops of the first, second, third, etc., stories with the neutral axis 
of column B. 

d = deflection of the columns in a story height. 

H=nmodulus of elasticity of the material. 

h=length of a column measured from neutral axis to neutral axis of 
the girders. 

I= moment of inertia of the girder and column sections. 


- 


7 I 
J=2 > ( 7a a -) for all columns and girders which intersect at 


— | 


= et for girders and - for columns. ; 


1=length of a girder measured from neutral axis to neutral axis of 
the columns. 
M = bending moment. 


I 
Nee > (=-) for all columns in a story. 4% 


paotiontal shear in a bent at any nome 
rement of the horizontal shear in a bent in a story height. 
char ge in the slope of the tangent to the elastic curve. 

Subscripts are added to the letters to indicate the particular part 
of a bent to which a given symbol applies. For example, referring to 


Fig. 4, 4, girder b, is the girder in bay b at the top of the first story, 
A, 1s the intersection of the girder at the top of the first story with 


ee bs 
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column A, 6,4, is the slope of the tangent to the elastic curve at the 
point A,; d, is the deflection of the columns in the third story; Jz, is 
the J at the point B,; Ks, is the K of column A in the second story. 
The moment at the right end of the girder in bay a at the top of the 
‘second story is designated as M,4®, and the moment at the left end of 
the same girder is designated as M,®*. The moment at the top of the 
column B in the third story is designated as M,**, and the moment at 
the bottom of the same column is designated as M,”*. 

12. Derivation of Equations.—Fig. 4 shows the bottom five stories 
of a symmetrical three-span bent. It is required to find the stresses in 


all of the members. 


a 


a 


a 


, 
b 


- to zero. That is, 2 (M,°? + M,”* + My + M,”*) + Wh, = 0 = : 


> 


—_ 


16— 


Rh product of the total shear in the story and the eke ee is te al 


Substituting the values of the moments as given by equations A and 

B of Section V gives , 

2[ 2B Kas (29n5 + Oa. — 3Ry) + 2H Kas (2012 + Oa, — 3) + 
2EK py (20ns + On, — 8R,) + 2H Kp, (262, + On,—3R;)} 
+ Wh, = 0. 


Letting N = 2 = (+ ) for all of the columns in a story, and 


collecting, gives | 


OES 6 Oa» 2K ps Op. = NR, -+ 2K as O43 =e 2Kp, Op, = E n wgayebeiee (1) ‘a 


Consider the point A, as a free body. Taking > M = 0, gives a 
M,*+M,”+M,A2=0. Substituting the values of these moments as 


given by equations A and B gives, 


RHE ag (2045 +- Ong —wlt,) 53 2EK 2, (70s -+- ee 3h.) + 
-2EK., (20.5 + O23) = 


Combining the coefficients of the unknowns = cancelling the common 
factor 2H gives, 


OaoK ag + Ong (2K ag + 2K ag + 2Kas) + Oa, Kay + 653K as — 
R,3K a3 = RK, = 0. 
ae - 
Substituting Ja, for 2 y (— 
at A,, the equation becomes: 


Kas a2 — 83K ag Ry +I az Ong + Kaz O33 — 8K aR, + Ky,0a, = 0. . (2) 
The point B, is in equilibrium under the action of the foun mo- 


7 ; 
+ =) of all the members that intersect 


ments M,34, M,®®, Mz**, and M,°*. Equating the sum of these four _ 


moments to zero re 
RE K os (2On3 + 93) + RE K yg (2053 + O23) + 2E Kp, (202, + 
On, — 38R,) + 2H Kp, (26; + O03, — 3R,) = 0. 
Combining the coefficients for the unknowns and cancelling the edad 
factor 2H, gives, 
205 (Kas a Kp; + Ky, a K3,) “F Oa, Kes Si Op Kye + Op,Kp, za 
Op, Kn, — 32, Kp, — 38R, Kp, = 0. 


Substituting Jy, for 2 mS & = 
L 


B,, the equation becomes, 


Nd 
—) of all the members intersecting at 


OO ———— = 


f). 
Op 


unknowns, @, 6p, and # for each story, as many equations can be writ- 
_ ten for a bent as there are unknowns to be determined. It is possible to 
: solve these equations for the unknown quantities algebraically, but the 
large number of equations involved makes the work very difficult. It : 
is simpler to substitute the numerical values of the coefficients in the 
equations and solve for the numerical values of the unknown quantities ‘ 
by the process of elimination explained in Section VII. a 
For convenience in the application of this process of elimination, 
the equations are written in tabular form as shown in Table 3 in which 
the unknown changes in the slopes and the ratios of deflection to story — 
height are written at the tops of the columns and the coefficients of 
these unknowns are written below. For example, in writing equation 
A of Table 3, whichis — N,R, + 2Ka,9a, + 2Kx,9s, = eS 

—N,, the coefficient of R,, is placed in the column under R,; 2K ,, the 
: coefficient of 64,, is placed in the column under 04,; 2Kni, the 
: W,h, 
GE 

is placed in the column headed “Right-Hand Member of Equation.” 
Having the equations written in this form, it is unnecessary to repeat 
the unknown quantities when eliminating them from the equations by 
the method used in Table 14. 

Table 3 contains the general equations to be used in determining 
the’ slopes and the deflections in a symmetrical three-span bent any 
number of stories high. The subscripts 1, 2, and 3 refer to the first, 
second, and third stories respectively, and the subscripts 2, y, and z refer 
to the second from the top, the next to the top, and the top stories re- 
spectively. The equations for the intervening stories are of the same 
form, but have different subscripts. 

By using the general method outlined above, that is, by writing 
an equation similar to equation 1 for each story-and an equation similar 
to equations 2 and 3 for each intersection of a column with a girder 
for each story, as many equations as there are unknowns can be written 
for a bent containing any number of spans and any number of stories. 
General equations for symmetrical bents of from one to five spans are 
given in Tables 1 to 5 and similar equations for unsymmetrical bents 
of from one to five spans are given in Tables 6 to 10. 

In order to check the equations of Tables 1 to 10, a model of a 


coefficient of 6p,, is placed in the column under 6,,; and — 
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TABLE 2. 


GENERAL EQUATIONS FOR A SYMMETRICAL Two-SPAN BENT 
Any NuMBER OF SToRIES H1GH. 


Left-Hand Member of Equation Right-Hand 
ee ae ee | 
of Equation 
Intervening Story No. X Story No. Y Story No. Z 
seo eet i el sane Stories (Second from Top) (Next to Top) (Top) 


Equation 


Oay Oay | Opy 


Ry | Oax 


—— OO 


TABLE 3. 


GENERAL EQUATIONS FOR A SYMMETRICAL THREE-SPAN BENT 
Any NuMBER oF Stories Hicu. 


Left-Hand Member of Equation Right-Hand 
Member 
of Equation 


Story No. X 


Intervening 
(Second from Top) 


2 Story No. Y 
Stories 


Story No. 1 Story No. 2 Story No. 3 (Next to Top) 


Equation 


=| [ol] o]™|> 


—_—_—_ 
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TABLE 4. 


GENERAL EQUATIONS FOR A SYMMETRICAL Four-SPAN BENT 
Any NuMBER OF STORIES HIGH. 


Left-Hand Member of Equation, RightHiasd 
; Member 
a Story No. 1 Story No. 2 Story No. 3 pees ( Biren Top) pe! one er Z of Equation 
S ed ee 
sg Op3 Ry | Oay | Oy | Sov | Bz | Gaz | Oz | Por 
A 
is. . 
Cc 
as 
a “2Kag | Kye | Koen | | 
<a is. 
a Kas | Jue | Kor [2Xns{ 
20 a oes ee ul. SS) eee 


2Kpy | Koy | —Ny | 2Kay | 2Xpv 


duty 0 


TABLED: ) 


GENERAL EQUATIONS FOR A SYMMETRICAL Five-Span BENT 
Any NuMBER oF Stories Hicu. 


Left-Hand Member of Equation Right-Hand 
Pg ert 
Intervening Story No. X | Story No. Y Story No. Z ol on 
Story No. 1 Story No. 2 Story No. 3 Stories (Second from Top) | (Next to Top) (Top) 
Lye | Op1 | Oc1 R, | Oa2 Pp2 Ac2 R, | O43 | Ops | Oc Rx Osx | Ox | Sx | Ry | Pay | Spy cy 


Coefficients of Unknown Slopes and Ratios of Deflection to Story Height | 


; —Wh,+6E 
2K,, | 2Kpy ae = a 
J Al Ky 2 $ ein 
Ky Jp Use ee : 
Kiy J, at Kay Z J 5 = | | — 
2K yo | 2h pe ; , 
K yo i ee fess SOBs) ; 
Kpo 2 : | f 


Story No. 1 


TABLE 6. 


GENERAL EQUuaATIONS FOR AN UNSYMMETRICAL SINGLE-SPAN BENT 
Any NuMBER OF STorIES HicH. 


Left-Hand Member of Equation 


Story No. 3 Intervening Story No. Y 


Story No. X 
Stories (Second from Top) (Next to Top) 


Pay 


Opy 


Story No.1 


Ry | Oa4 Op1 


Ac1 


Ry 


Story No. 2 


Aa2 | Ope 


og 


TABLE 7. 


GENERAL EQUATIONS FOR AN UNSYMMETRICAL TWO-SPAN BENT 
Any NuMBER oF Stories HicH. 


Left-Hand Member of Equation 


Intervening Story No. X 
Story No. 3 aie (Second from Top ) 


O43 | Ops Ry | Osx | Ox | Ocx | Ry 


Coefficients of Unknown Slopes and Ratios of Deflection to Story Height 


Story No. Y 
(Next to Top) 


Osy | Oy 


of Equation 


TABLE 8. 


GENERAL EQUATIONS FOR AN UNSYMMETRICAL THREE-SPAN BENT 
Any NumBer or Srories Hicu. 


Left-Hand Member of Equation 


Story No. 2 "4 Intervening Story No. X Story No. Y Right-Hand 
z ees Stories (Second from Top) (Next to Top) Member 
of Equation 


Ry 


9x2 | Op. | Pc2 | Ove 3 | 9.3 | Ops 9c3 | 93 x | 9x | 8px | 90x | Opx Osy | Opy | Soy | Spy pz | %cz 


Keg 


am 
| 


Kp 


Similar equations for intervening stories 
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TABLE 9.) 


GENERAL EQuaATIONS FOR AN UNSYMMETRICAL Four-Span Bent 
Any NuMBER OF STORIES Hicu. 


} 


Left-Hand Member of Equation 
ne Ea 


S ; + 3 Intervening Story No. X Story No. Z 
tory No. 2 Story No Stories (Second from Top) Glate Yon) (Top) 
Pei ee 
Gs2 | Ope | Oc2 | Ope | One Ry | O43 | Ops | 9cs | Ops | Oxs Re} @sx | Ox | ox | Opx | Oxx | Ry | Cay | Opy Gaz | Opz | 8x 
Coefficients of Unknown Slopes and Ratios of Deflection to Story Height 

Kg 

Kyo 

J 92 

Kyo 


TABLE 10. 


GENERAL EQUATIONS FOR AN UNSYMMETRICAL Five-Span Bent 
Any NuMBER OF STORIES Hicx. 


Left Hand Member of Equation 


Story No. 1 Story No. 2 Story No.3 Intervening Sees No. X 


Stories (Secon Story No. Y 


from Top) (Next to Top) 


| On On1 Ry Ox9 


Oa, | Opi Ac1 Op1 Ono ory Op | One Ap3 Acs 93 | On Ong Osx | Ox | Ox | nx | Ory | Ry Sor | tox 


Osy | Opy | Poy 
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tested and the measured deflections and changes in the slopes 
ompared with the same quantities calculated by the above equa- 
. As the entire model was cut from a sheet of celluloid the joints — 
_ were perfectly rigid. The results of the tests are given in Fig. 15. 
The fact that the measured and computed deflections and changes in 
_ the slopes agree very closely indicates that the above analysis is correct. — ; 
A solution of a numerical problem illustrating the use of the 

equations in Table 3 is given in Section VII. - : 


VII. Numertcan PRoBLeM. 


18. Determination of the Stresses in a Symmetrical Three-Span 3 
Twenty-Story Bent.—Fig. 5 shows a symmetrical three-span bent twenty | 
stories high. The bent resists a horizontal wind load of 30 lb. per sq. ft. : 
on a vertical strip one foot wide. It is required to find the moment and 
the shear in the columns and girders and the direct stress in the columns. 

The properties of the girder and column sections are shown in Table 
11, page 48. The equations of Table 3 are applicable. The numerical 
values of the constants in these equations are given in Table 12. Table 
13 contains the equations of Table 3 with the substitution of the 
numerical values of the constants given in Table 12. The figures given 
in the right-hand column are coefficients of .0001 as indicated at the 
head of the column; that is, the right-hand members of the equations — 

are equal to .0001 times the numbers in the right-hand column. This 
method of writing the right-hand members of the equations obviates the 

necessity of repeating a large number of ciphers. 

The unknown quantities in the equations of Table 13 are eliminated 
in Table 14. The quantity R, appears in the first three equations of 
Table 13 only. Dividing each of these equations by the coefficient of 
R, gives the three equations A, B, and C of Table 14, in all of which 
the coefficient of R, is equal to plus unity. Combining these latter 
equations as indicated, that is, subtracting equation B from A to get 
equation (A—B) and subtracting equation C from B to get equation 

(B—C), gives two new equations from which R, has been eliminated. 

Reducing the coefficients of the left-hand terms of equations (A—B) 
and (B—C) to plus unity gives equations 1 and 2 of Table 14. Hqua- 
tions D and E of Table 13 have also been reduced so that the coefficients 
of the left-hand term of each are equal to plus unity. They are re- 
written in their new form as equations D and E in Table 14. Combin- 
ing the four equations 1, 2, D, and H, as indicated in Table 14, eliminates 
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nd term, 6,,- By continuing this process all the unknown | 
ities are eliminated except the last, or @poo. Its value thus 
becomes known and is found to be .0338 X .0001 radians. With the 
value of 63.) known, the value of 6,,. can be determined from equa- — 
tion 153. With @y and O29 both known, the value of R,, can be 
determined from equation 150. The other values of 6 and RF can be é 
determined in a similar manner. 4 
The process of determining the values of @ and RF is given in 
Table 15. The equations used are taken from Table 14. j i 
As in Tables 13 and 14, the right-hand member is equal to the 
number in the column at the right multiplied by .0001. To illustrate, — 
equation 150 is . 
Rap — -2702 Oo — -2993 Ono = -0735 X .0001. is * 
The left-hand term of the left-hand member of each equation is 
the unknown which is to be determined. The first line in each group 
is the algebraic form of the equation; and the successive lines are the 
numerical values of the corresponding terms. For example, equation 
155 is : 


: Ooo = .0338 X .0001 or 00000338. 
Again, equation 153 is: 
roo — -0448 Ono, = -0502 X .0001. 
From the preceding equation _ 
0443 O05 = -0443 X .00000338 = .0015 x .0001. 

The sign of this quantity as a term of the left-hand member was ~ 
negative, and the term will, therefore, be positive after it has been 
transferred. 

Equation 153 now becomes 
. Broo = -0502 X .0001 + .0015 X .0001 = .0517 x .0001, 


as indicated in the last line of the group containing equation 153. 
Equation 150 contains Roos Oaco, 200 O93 but Faso and Op.) have 
been determined by equations 153 and 155, respectively, therefore F,, 
can be determined by equation 150. Similarly, equation 147, contain- 
ing Op,, and the three known quantities, Ryo, Aso, and Apo can be 
used to determine 63,,- Equation 147 differs from the preceding equa- 
tions in that it contains both positive and negative terms in the left- 
hand member. The second term of the left-hand member, being nega- 
tive, when transferred, is added to the right-hand member. . The sum 
of the two quantities is .0890 X .0001. Since the third and fourth terms 
of the left-hand member are positive, their sum, when transferred, is 
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- subtracted from the quantity above. The final form of the equation is: 
a 0835 X .0001. In a similar manner the other slopes, 6, and 
the ratios of the deflection to the story height, R, can be determined. 
6 is expressed in radians, and # is an abstract quantity. " 

The tabulation of the calculations as shown in Tables 14 and 15 : 
facilitates the solution of a large number of equations. There are how- — 
ever a number of practical considerations which should be borne in _ 
mind when solving a problem by this method. 
An error at any point affects all of the calculations which follow. 
. It is therefore desirable to have two computers carry on the work simul- 

taneously and compare results at frequent intervals in order to avoid 

the loss of time due to errors. 

A number of combinations can be made from each group of equa- 
tions. It is desirable to combine the equations so as to make the 
coefficient of the left-hand term of the left-hand member of the resulting 
equation as large as possible compared with the coefficients of the other 
terms in the equation. ‘To illustrate this point, consider equations 25, 

. 26, and M of Table 14. If equation M had been subtracted from equa- 
tion 26, the coefficient of 6;, in the resulting equation would have been 
.1463 and the coefficient of R; would have been 2.9027. The latter is 
about twenty times as great as the former. Any small error in the 
actual value of the former coefficient would be a large percentage of 
error. This same percentage of error would be introduced into the 
latter coefficient and produce a large actual error. With the combination 
of equations 25 and M as used, the coefficient of 62, is 1.0695 and of 
R,, 3.4313. The latter coefficient is only about three times as large as 
the former and hence the effect of an inaccuracy in the value of the 
former upon the latter is correspondingly smaller than in the first case. 

It is possible in some cases to combine the equations in such a way 
as to give equations which are algebraically independent, but which are 
numerically nearly identical. Combining such equations gives results 
which are likely to be inaccurate. Any tendency of the equations to 
become identities can be avoided by changing the order in which they 
are combined. 

In getting the values of the remaining unknown quantities after 
one has been determined, each unknown is expressed in terms of the 
known quantities. By referring to Table 14 it is seen that in the first 
equation of a group of equations, any one of which could be used to get 
the value of an unknown, the coefficient of the quantity which is to be 
determined is larger than the coefficients of the known quantities. If 
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the accuracy of the results less than they would if an equation had 
n used in which the coefficient of the unknown is less than the co- 


efficient of the known quantities. The various equations available should __ 


be examined and the one used which causes the least accumulation of 
inaccuracies. 

In order to determine the extent to which inaccuracies in the cal- 
culations accumulate, two independent sets of calculations were made; 
one set was made on a 20-inch slide rule and the other on a Fuller’s 
cylindrical slide rule. The two sets of calculations were compared at 
frequent intervals, and mistakes were corrected; but no adjustment of 
imaccuracies was made. The maximum variation in the slopes and 
deflections as determined in the two sets of calculations was very small. 
This indicates that the calculations can be made with a slide rule without 
greater inaccuracies than are permissible. 

The moments at the ends of the columns and girders can be deter- 
mined by substituting the values of the deflections and the slopes, given 
in Table 15, in equations A and B of Section V. To facilitate this work, 
the quantities which occur in these equations are given in Tables 16 
and 1%. The values of R and 6 taken from Table 15 are given in the 
second, third, and fourth columns of Table 16; and the functions of 
the values of R and 6 which occur in the equations are given in the 
remaining columns of the same table. The values of K taken from 
Table 12 are given in the second, third, fourth, and fifth columns of 
Table 17; and the functions of the values of K which occur in the 
equations are given in the remaining columns of the table. The moments 
at the ends of the columns and girders given by the fundamental equa- 
tion, Man =2EK (20,+63—3R), are the products of two factors, 
one of which is given in Table 16 and the other in Table 17. The 


_ values of the moments are given in Table 18. 


The shear in any member is equal to the algebraic sum of the 
moments at the two ends of the member divided by its length. The 
direct stress at any section in column A is equal to the algebraic sum 
of the shears in the girders in bay a above the section. The direct stress 
at any section in column B is equal to the algebraic sum of the shears 
in the girders in bay a plus the algebraic sum of the shears in the 
girders in bay b above the section. The shears in the columns and 
girders and the direct stresses in the columns are given in Table 19. 

The sum of all of the moments at the top and the bottom of all 
the columns in a story is equal to the total shear on the story multiplied 


_ 
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by the story height. The algebraic sum of the moments in the girders 
on the two sides of a column is equal to the algebraic sum of the m i ts 
a in the columns on the two sides of the girder. 

The total shear on a story multiplied by the story height and the 
ay algebraic sum of all of the momerts at the top and the bottom of Rr? Z 
Be columns of a story, as given in Table 18, are given in the second and ~ 
a 


third columns of Table 20. The algebraic sum of the moments in — 

column A at sections immediately above and below the girders and the _ 
moments in the girders in bay a at sections adjacent to column A, are — 
given in the fourth and fifth columns of Table 20. The algebraic sum 
of the moments in column B at sections immediately above and below 
the girders and the algebraic sum of the moments in the girders in bays 
a and 6 at sections adjacent to column B, are given in the sixth and 
seventh columns of Table 20. The accuracy of the computations can 
be checked by comparing the two values for the same quantity as given — 
in adjacent columns of Table 20. To illustrate, for the sixth story, the 
total shear in the story multiplied by the story height is 913,000 inch- 
pounds, and the sum of the moments at the tops and bottoms of all 
columns in the story is 914,400 inch-pounds. For a perfect check, the 
two quantities would be equal. An inspection of the table shows that 
the values check very closely. 

The moments given in Table 18 are due to a horizontal wind load 
of 30 lbs. per sq. ft. acting on a vertical strip one foot wide. To obtain 
the moments due to the wind load on any portion of the building, multi- 
ply the moments in Table 18 by the width in feet of the portion of the 
building on which the wind load acts. 


VIII. Approximate MeErnops. 


14. Nomenclature of Methods—The method used in Section VII 
to determine the stresses in a symmetrical three-span twenty- -story bent 
can be used in the actual design of a building, but a shorter method is 
desirable. The writers propose an approximate method which is much 
shorter than the method used in Section VII and which they believe 
is sufficiently accurate to be used in the actual design of buildings. For 
the sake of convenience in reference, this approximate method will be 
designated as the “Proposed Approximate Method” as distinguished 
from the method used in Section VII, which will be designated as the 
“Slope-Deflection Method.” ‘The slope-deflection method can be modi- 
fied to advantage under certain special conditions. Such modifications 
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esignated as “Modifications of the Slope-Deflection Method.” 


above and in the story below the one in which the stresses are to be 
determined, are equal to the change in the slope at the top of the corre- 
sponding column in the latter story. _ 

2. The ratio of the deflection to the length of the columns in the 
story above the one in which the stresses are to be determined, is equal 
to the ratio of the deflection to the length of the columns in the latter 
story. 

In other words, in determining the stresses in the second 
story, 94, and 64, are assumed to be equal to 04,; 05, and Op, are as- 
sumed to be equal to 63,; and R, is assumed to be equal to R,. Also, 
‘in figuring the stresses in the third story 64, and 64, are assumed to 
be equal to 04,3; 63, and 6,, are assumed to be equal to 0s;,; and Ry, 
is assumed to be equal to R,. This does not mean, however, that the 
values of 0,,, 6s,, and R, used in determining the stresses in the sec- 
ond story are equal to the values of O43, 5;, and R, respectively, used 
in determining the stresses in the third story. 

_ An examination of the equations in Table 3 shows that, if assump- 
tions 1 and 2 were true, three equations containing only three unknown 
quantities could be written for each story of the bent. To illustrate, 
consider the equations for the second story. In accordance with assump- 
tions 1 and 2, 


Os; — Oro = Oa, 
Op, = In, = On; 
k,=R, 


Substituting @,, for 64, and O45, Os, for On, and 4g;, and R, 
for R, in equations D, E, and F of Table 3 gives: 


W. 
— Veh. te AK a, Oa. =f 4K3.0p. Sr =e CERRO a8 DESO Sem Me J (1) 
at (hae as) R, of (Ka, “AD a K;) On» =r Ka.bpo =a) eee RA (2) 


=o (is, | Kp;) FR, eee = (Bu, des tb Aue Ks;) On. — 0..(3) 
These equations have been written for the second story. Similar equa- 
tions can be written for any other story by making the proper changes 
in the subscripts. 

Equations 1, 2, and 3, obtained from the equations in Table 3, can 
be used in determining the stresses in a symmetrical three-span bent 


1. The changes in the slope at the top of a column in the story — 


es a. Mi cs 7 


‘any number of stories high. If similar changes are made in the eq 
tions of Tables 1 to 10 inclusive, groups of equations can be obtai d, 
one for each bent, which can be used to determine the stresses in any 
story.of symmetrical bents of from one to five spans and also of unsym- 
metrical bents of from one to five spans. a 

The sum of the moments at the tops and bottoms of all columns of a — 
story is equal to the total shear in the story multiplied by the story 
height. The distribution of this moment to the ends of the columns 
~ depends upon: first, the ratio of the K of column A to the K of column | 

-B; second, the ratio of the K of column A to the K of girder a; and third, 
the ratio of the K of girder a to the K of girder b. 

The distribution of the moment was determined in a number ane 
bents for which the ratios of the K of column A to the K of column B, 
the K of column A to the K of girder a, and the K of girder a to the K — 
of girder b had different values. Diagrams showing the distribution of — 
the moment in these bents also give the distribution of the moment in 
other bents. The curves in Figs. 6, 7, and 8 show the distribution of — 
the moment in symmetrical three-span bents. In Fig. 6, the curves in 
group I show the moment at the top and the bottom of column A in 
bents in which the K of column A and the K of column B are equal. 
The abscissae represent the ratios of the K of girder a to the K of girder 
6; and the ordinates represent the moment at the top and the bottom of 
column A in per cent of W X h. Beginning at the top and reading down, 
the curves are for bents for which the ratio of the K of column A to 
the K of girder a equals 0.5, 1, 2, and 4 respectively. The moment in 
column A of a bent for which the ratio of the K of column A to the K 
of girder a has any intermediate value can be determined by interpola- 
tion. 

The curves in groups II, III, IV, and V, of Fig. 6, when used 
with the curves in group I, give the moment at the top and the bottom 
of column A in bents in which the K of column A and the K of column — 
B are not equal. The curves in groups II, III, IV, and V are for bents 
for which the ratio of the K for column A to the K for girder a equals 
4, 2, 1, and 0.5, respectively. Beginning at the left of each group and 
reading to the right, the curves are for bents for which the ratio of 
the K for column A to the K for column B equals 0.5, 1, and 2, Te- 
spectively. 

The moment at the top and the bottom of column A can be ob- 
tained from the diagram in Fig. 6 in the following manner: 

First consider the moment in a bent in which the K of column A is 
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Moment at End of Girder b in percent of W-h. 
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anil it intersects the curve corresponding to the value of es 


Project the point of intersection horizontally to the left and read the mo- 
ment in per cent of W Xh from the vertical scale. As W and hf are 
known quantities the moment is determined. 

Next consider the moment in a bent in which the K of column A 


a ae ie 
and the K of column B are not equal. Determine the value of ae = 5 
b a 


K : 
and a First use the curves of group I. Trace a vertical line whose 
« B 


: tes 
abscissa equals XK, 


K 
of ne Project the point of intersection horizontally to the right to the 


group of curves corresponding to the value of Ha until it intersects the 


Ka 


= . Project 
this intersection point vertically downward and read the moment in per 
cent of WX h from the horizontal scale. 
Similarly, the moments at the top and the bottom of column B 
can be obtained from Fig. 7, and the moment at the end of girder b 
can be obtained from Fig. 8. It should be noted, however, that the moment 
in girder 6 depends equally upon the W X/h in the story above and in 
the story below the girder. This being true, in getting the moment in 
girder b, the average of the W X h for the two stories should be used. 
The moment at the right end of girder a balances the sum of the 
moments in column A just above and below the girder and is equal to 
their algebraic sum. The moment at the left end of girder a balances 
the sum of the moments at the right end of girder b together with the 
moments in column B just above and below girder a and is equal to 
their algebraic sum. It is therefore possible to obtain the moment at 
the ends of all members in a bent from the curves in Figs. 6, 7, and 8, 
subject, of course, to the error due to the use of assumptions 1 and 2 
of this Section. 
The curves in Figs. 6, 7, and 8 show that a large shaate in the 
ratio of the K of one AS to the K of another member causes a 


relatively ammall change in the distribution of the moments in the ber y 
16. Numerical Problem.—To illustrate the use of these curves - the 
solution of a problem is presented. 
The seventh story of a symmetrical three-span bent is 20 ft. FFs, 
and is subjected to a shear of 3,000 lbs. The eighth story of the same 
bent is 20 ft. high, and is subjected to a shear of 2,500 Ibs. The prop- 
erties of the members in the seventh and eighth stories are as follows: 
K,= 80 in?; Ky=40 in*; K,= 20 in4; and Ky—16 mee 


is required to find the moments at the ends of all members in the sey- 


enth story. 
- WXh=8,000 X 20 X 12 = 720,000 in. lb. in the seventh story. 


W X h = 2,500 X 20 X 12 = 600,000 in. lb. in the eighth story. — 
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To get the moment in column A use Fig. 6. At the left of the 


figure trace the ordinate whose abscissa is 1.25 to a point half way be- 


tween the two middle curves Gt= 1.5, which is half way between 1 
A 


and 2), and project this point horizontally to a point half way (Z4= 


.75, which is half way between .5 and 1.0) between the two left-hand 
curves of Group II, and also to a point half way between the two left- 
hand curves of Group III. The abscissa of the former point is 9.35 per 


cent, and of the latter point 9.15 per cent. As ear equal to 1.5 or the* 


Ka 


average of 1 and 2, the moment at the top and the bottom of column A in | 


the seventh story, M,,, is the average of 9.35 per cent and 9.15 per cent or 
9.25 per cent of W Xh, that is, Ma, = .0925 X 720,000 = 66,700 in. Ib. 
The moment, Mag, at the top and the bottom of column A in the eighth 
story is .0925 X 600,000, or Ma, = 55,500 in. lb. Similarly, the moment 
at the top and bottom of column B, My,, is 15.75 per cent of W X h, that 
is, Mp, = .1575 X 720,000 = 113,500 in. lb. in the seventh story; and 
My, = .1575 X 600,000 = 94,400 in. Ib. in the eighth story. The moment 
My,, at the end of girder } at the top of the seventh story is 13.85 per cent 
of W X h, that is, 


Bp 
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122,200 in. Ib. 


U3. 500in. Ib. ; 66, 700in Ib, | 
(a). = (b) 
, : 
Fic. 9. Moments Actine at Points AS ann B8 or A SYMMETRICAL THREE- 
Span Bent. 
720.000 + 600,000 : 
My, = .1385 een | = 91,500 in. Ib: 


~The moment at the right end of girder a at the top of the seventh story 
is equal to the sum of 66,700 in. lb., the moment at the top of column 


A in the seventh story, and 55,500 in. lb., the moment at the bottom 
of column A in the eighth story, or 122,200 in. lb. (see Fig. 9b). The 
moment at the left end of girder a is equal to the sum of 113,500 in. 
Ib., the moment at the top of column B in the seventh story, and 94,400 
in. lb., the moment at the bottom of column B in the eighth story, less 
91,500 in.-lb., the moment in the end of girder b; that is, the moment 
at the left se of girder a is 116,400 in. lb. (see Fig. 9a). 

A comparison of the moments in a bent as obtained by the pro- 


posed approximate method and by the slope-deflection method is given 


in Tables 23 to 26 inclusive. 

17%. Modifications of the Slope-Deflection Method.—The writers 
made a study to determine the effect of a change in the section of one 
member of a bent upon the moment in the other members. The mo- 
ments were determined in a number of bents in which K =1 for all 
members except the one whose effect upon the distribution of the mo- 


ment was to be studied. The quantity ue was taken equal to 1 for all 


stories and for all bents. The K of column B was given successively 
the values 0.5, 1, 2, and 4; and the corresponding moment at the ends 
of columns A and B and at the ends of girders a and b was calculated 
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r) in which the K of column B was changed, and also in the 
nmediately above and below that story. Similarly, the K of 
lumn A, the K of girder a and the K of girder } were given successively 
the values 0.5, 1, 2, and 4, and the corresponding values of the moment 
at the ends of the girders and the columns were determined in the par-— 
ticular story and also in the stories immediately above and below that 
_ story. The effect of the changes in the values of the K of the members 

upon the moment is given in Figs. 10, 11, and 12. 

Fig. 10 shows the changes in the moment at the top and the bottom 
_ of column A. The abscissae are changes in the moment expressed in 
per cent of the moment in a bent for which the K of all members is 
equal to 1. Increases in the moment are laid off to the right of the ~ 
origin, and decreases are laid off to the left. The ordinates represent 
the values of the K in the member changed. The story in which the 
moment was calculated is designated as story No. N, the story above is 
designated as story No. (N +1), and the story below No. (NV —1). Each 
curve shows the change in the moment at the top or the bottom of 
column A due to a change in the value of the K of some member. The 
number of the curve which shows the change in the moment in column 
A due to a change in the K of any particular member can be obtained 
from the key to the diagram in Fig. 10. For example, curve No. 3 shows 
the change in the moment at the top of column A due to a change in the 
K of girder b in story No. N. If the K of girder b is made equal to 2, 
the moment at the top of column A is 8.9 per cent less than when the K 
of girder b is equal to 1. Curve No. 3 also shows the change in the mo- 
ment at the bottom of column A due to a change in the K of girder b in 
story No. (V —1). If the K for girder b in story No. (VN —1) is equal 
to 2, the moment at the bottom of column A is 8.9 per cent less than when 
the K for girder b is equal to 1. 

Similarly, the changes in the moment in column B due to changes 
in the K of the members of the bent are given in Fig. 11 and the 
changes in the moment in girder 0 are given in Fig. 12. 

Fig. 10 shows that the moment in column A of any story not only 
depends upon the value of the K of the members in the same story but 
depends also upon the value of the K of the members in the adjacent 
stories. Figs. 11 and 12 show that the same statement is true relative 
to the moment in column B and girder b. This being true, any approxi- 
mate method which considers only the members in the story in which 
the stresses are to be determined can not give accurate results except 
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in bents which have no very sudden changes in the sections of 1 
columns and girders. 


Where there are sudden changes in the column and girder sections, _ 


the proposed approximate method is not accurate. In such cases it is 


sometimes possible to use a modification of the slope-deflection method ** 


and obtain quite accurate results with a comparatively small expendi- 
ture of labor. This modification of the slope-deflection method may be 
made in either of two ways, as follows: (a), the bent may be divided 
by a horizontal plane between any two adjacent floors, and the 


lower part be treated independently of the upper part; or (b), the 


bent may be divided by two horizontal planes any number of stories 
apart, and the portion between these planes may be treated independent- 
ly of the other portions of the building. These modifications will be 
considered in detail. 

(a) The wind stresses in the top stories of a bent are com- 
paratively small and their exact determination is not important. An 
examination of the equations of Table 15 shows that the coefficient of 
the quantity to be determined is greater than the coefficients of the 
quantities in which the unknown is expressed. This being true, errors 
in the slopes and the deflection of one story have but little effect upon 
the slopes and deflections of the succeeding stories. Further examina- 
tion of the same table shows that there is a comparatively small differ- 
ence between the change in the slope at the top of a column in one 
story and the change in the slope at the top of the same column in the 
story below. If the two changes in slope are assumed to be equal, the 
error introduced is small. Bearing these facts in mind, consider again 
the twenty-story bent of Section VII. If 6,,, and Op1, are assumed 
equal to 6,,, and 6p,, respectively in equations f, g, and h of Table 
13, the first 34 equations will contain 34 unknown quantities which 
can be determined by the method used in Tables 14 and 15. That is, 
assuming that the changes in the slopes of the columns in one story 
are equal to the changes in the slopes of the same columns in the story 
below, is equivalent to dividing the bent into two parts; and the 
equations for the lower part can be solved independently of those of 
the upper part. If the slopes which are assumed equal are not really 
equal, the calculated slopes and deflections in the top story of the lower 
part will not be exact, but the results of a number of calculations show 
that the error in the slopes and the deflection in the next to the top 
story is so small that it may be neglected. This being true, if, in the 
actual design of the twenty-story bent of Section VII, it is con- 
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Si In: necessary to calculate the wind stresses in the top ten stories, — 
the bottom eleven stories may be treated as a complete bent and 
the stresses determined by the method outlined above, thereby decreasing 
_ the work. The stresses in the bottom ten stories will be quite exact. 
_ The bent could have been divided at any other story without affect-— 
ing the accuracy of the results. 
If there are sudden changes in the members the bent can be divided — 
_ above the story in which the change occurs, and the stresses in the lower 
part can be determined by the method outlined above. 
z Table 23 shows that the largest errors in the proposed approximate 
_ method are in the first story. The moments can be determined in the 
first story by the modification of the slope-deflection method as follows: 

Assume that the slopes in the third story are equal to the corre- 
sponding slopes in the seccnd story. The first seven equations of 
Table 13 will then contain only seven unknown quantities. The solu- 
tion of these equations is given in Tables 21 and 22. The changes in 
the slopes and the deflection for the first story as given in Table 22 
agree very closely with the values for the same quantities given in Table 
15, and the moments, being functions of the slopes and deflection, will 
also agree very closely with the moments given in Table 18. 

(b) The moments in any particular story may be determined if 
there is some story below the one in question in which it can be seen 
by inspection that the changes in the slopes at the tops and the bottoms 
of the columns are equal. Suppose the moments are to be determined 
in the tenth story of the bent shown in Fig. 5, and that it is apparent 
from inspection that @4,—=6a,, and 63,=6p,. Then assume that 
Oar. =9s1,, and Op,.=6p,, The ten equations, Y to h inclusive 
of Table 13, will contain ten unknown quantities. If the slopes in 
the eighth and ninth stories, which have been assumed to be equal, are 
equal then the slopes and the deflection, and therefore also the moments, 
in the tenth story will be quite accurate, but if the slopes below the 
story in question which are assumed to be equal, are not really equal, 
the required moments will not be exact. That is, a difference between 
the slopes below the story in question affects the results, whereas a differ- 
ence between the slopes above the story does not materially affect the 
results. 

18. Application of the Proposed Approximate Method and Modifi- 
cation of the Slope-Deflection Method.—To obtain the moment in a bent 
in which there are sudden changes in the sections, the following com- 
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bination of methods can sometimes be used to advantage. Use the p: o- 
posed approximate method for obtaining the moment in the portion of 
the bent in which there are no sudden changes in the sections of the a 
members. Use a modification of the slope-deflection method to get the — 3 
moments in the bottom story and in any intermediate stories in which _ 
sudden changes in the members occur. The results thus obtained will 
be sufficiently accurate to be used in the actual designs of buildings, and 
the amount of work required will not be excessive. 


IX. CoMPARISON OF THE APPROXIMATE METHODS WITH THE SLOPE- 
= DEFLECTION METHOD. 


19. Symmetrical Three-Span Bent with Short Middle Span.—For 
comparison, the moments in the symmetrical three-span twenty-story 
bent shown in Fig. 5 were calculated by the five following methods: 

1. The slope-deflection method. 

2. The proposed approximate method. 

3. The three methods described by Mr. Fleming and known as 
methods I, II, and III. 

The moments as determined by these methods are given in Tables 
23 and 24. For each story the moments in the upper line are in 1,000 
in. lb., and those in the lower line are in per cent of the moments as 
determined by the slope-deflection method. Tables 23 and 24 show in 
the case of this bent: first, that the moments determined by methods 11 
and ITI are very seriously in error; second, that the moment determined 
by method I and by the proposed approximate method agree very closely 
with the moment determined by the slope-deflection method except at. 
points where there are sudden changes in the members of the bent; 
third, that the errors in the moment determined by the proposed ap- 
proximate method are less for the girders than for the columns. « 

20. Symmetrical Three-Span Bent with Long Middle Span—The ~ 
distribution of the moment determined by the slope-deflection method 
is affected by the ratio of the K of girder a to the K of girder b. As 
this ratio does not affect the distribution of the moment determined by 
methods I, IT, and III, the accuracy of the latter methods will depend 
upon the relative values of K for the two girders. f 

In the bent shown in Fig. 5, the K is less for girder a than 
for girder b, since the girders have substantially the same sections and 
girder a is longer than girder b. In order to determine the effect of 
the relative values of the K of girders a and } upon the accuracy of 
the approximate methods, the moment in the bottom four stories of the 


: 


are given in Tables 25 and 26. The moments determined by the pro- 
posed approximate method are as accurate as those given in Tables 23 _ 


own in Fig. 13, a bent like the one shown in Fig. 5 ex- 
c that the long and short spans have been interchanged, was deter- 
mined by each of the five methods mentioned in article 19. The results — 


and 24; whereas the moments determined by method I are inaccurate, 
and those determined by methods IT and III are very inaccurate. 

21. Effect of the Proportions of a Bent upon the Accuracy of | 
Method I.—In order to determine more fully the effect of the propor-_ 
tions of a bent upon the accuracy of method I, the moments were deter- 


_ mined in a number of bents having different proportions, by the slope- 


deflection method and by method I. These moments are given in 
Table 27. 

_ In bents 1 to 9 of this table all girders and columns have the 
same section. The ratio of the moment of inertia of the columns to the 
moment of inertia of the girders and also the ratio of the moment of 
inertia of the girder in bay a to the moment of inertia of the girder in 
bay 6, affects the moment determined by the slope-deflection method 
but does not affect the moment as determined by method I. If the 
sections of the columns and girders are not the same, the difference 
between the moments determined by the two methods might vary even 
more than Table 27 indicates. Any errors in the moment due to sudden 
changes in the sections of the bent are in addition to the errors indicated 
in Table 27. 

The difference betweer the two methods is due to the fact that in 
method I the direct unit stress in a column is proportional to the dis- 
tance of the column from the neutral axis of the bent; whereas in the 
slope-deflection method the stress in a column depends upon the shears 
in the girders, and the shears in the girders depend upon the changes 
in the slopes at the ends of the girders and upon the moment of inertia 
of the girder sections. . 

22. Accuracy of the Approximate Methods when the Moment of 
Inertia of the Girders is Proportional to the Bending Moment.—In the 
comparison of the approximate methods with the slope-deflection method 
given in Tables 23 to 27, the sections of the girders were chosen with- 
out reference to the moment to which they were subjected, except the 
girders in the bent shown in Fig. 5. The girders in this bent were 
designed to resist the bending moment determined by method I. An- 
other investigation was made to determine the accuracy of the approxi- 
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Fexci which i is to be compared with the fini method. The 
_ results of this investigation are given in Tables 28 to 31. In Table 28 


the moments of inertia of the sections of the girders are proportional 


to the bending moments determined by method I. The sections of the 
columns are equal, and the moment of inertia of the sections of the 
columns is equal to the moment of inertia of the section of girder a. 

Table 28 shows that method I gives the moment in the columns and 
girders quite accurately when the spans are equal and the story height 
does not exceed the length of the span. This statement is true, in gen- 
eral, only when the two column sections are equal and when the moments 
of inertia of the sections of column A and girder a are equal. 

In considering the merits of the approximate methods, it should 
be noted that the moment which should be determined with the greatest 
accuracy is the moment to which the joint that connects the girder to 
the column is subjected. This moment is the moment at the ends of the 
girders. If the moments of inertia of the sections are not made propor- 
tional to the bending moment determined by method I, the method will 
not he as accurate as Table 28 indicates. 

The moments of inertia of the girder sections of Table 29 i 
proportional to the bending moments in the respective girders as deter- 
mined by method II. The moments of inertia of the girder sections of 
Table 30 are proportional to the bending moments in the respective 
girders determined by method III. It is apparent from Tables 29-30 
and Tables 23-26 that methods II and III are so inaccurate that they 
should never be used. 

The moments of inertia of the girder sections of Table 31 are 
proportional to the bending moments in the respective girders as deter- 
mined by method IV. For bents having equal spans and equal column 
sections this method gives quite accurate results. 

While methods I and IV may be quite accurate in some cases, their 
accuracy depends upon the proportions of the bent. For example, by 
comparing Tables 27 and 28 it is apparent that if the moments of 
inertia of the girder sections are not proportional to the bending moments 
determined by method I, that method will not be as accurate as when 
the girder sections are so proportioned. Again, in Tables 28 and 31 
the sections of the columns are equal and the moments of inertia of 
the sections of column A and girder a are equal; but if these relations 


J aie 


aad 


do not exist, the methods will not in general be as accurate as Tables 
28 and 31 seem to indicate. : 

Any inaccuracy in methods I and IV due to sudden changes in the a 
members of the bent, are in addition to the inaccuracies shown in Tables 


re * 


28 and 31. 

For the bents shown in Tables 28 to 31, the moments determined 
by the proposed approximate method are exactly the same as the moments = 
determined by the slope-deflection method. 


X. Test oF A CELLULOID MODEL OF A BENT. 


23. Description of Tests——In order to check the deflections and 
the changes in the slopes calculated by the slope-deflection method, a 
celluloid model of a bent was subjected to known shears, and the result- 
ing deflections and changes in slopes were measured and compared with 
the calculated values. The model was made of celluloid 14 inch thick, 
and had the general dimensions shown in Fig. 14. A cord passing over 
a pulley and attached to a weight at one end and to the top of the 
model at the other, produced a uniform shear in all stories. Paper arms 
were fastened to the model at points where the members intersect. The 
movement of these arms indicated the changes in the slopes. One of 
these arms, A,D, is shown in Fig. 14. The external force caused the 
point A, to move in approximately a horizontal line and at the same 
time to turn through a small angle, 6. The paper arm A,D has the 
same motion as the point A, ; thus the vertical displacement of D measures 
the angle #. The horizontal deflection of the model was obtained by 
measuring the displacement of a point at the middle of a girder. Paper 
arms were attached to all four columns at the tops of all stories simul- 
taneously, and the changes in the slopes at all intersections were 
measured for each application of the load. Similarly, the horizontal | 
deflection was measured at the middle of each of the three girders at ~ 
the top of each story. 

In the original model, known as model No. 1, members No. 1, 2, 
3, and 4 were 1% inch wide; all other members were 14 inch wide. After 
this model had been tested, member No. 1 was reduced to 14 inch; and 
then the resulting model, now known as No. 2, was tested. Members No.’ 
2, 3, and 4 were successively reduced to 14 inch; and the resulting models, 
now known as models No. 3, 4, and 5, were also tested. 

In testing model No. 1, observations were made when loads of 
2¥2 |b., 5 lb., 7% lb., and 10 lb. were applied. The readings for the 
two sides of the model agreed very closely in the bottom three stories ; 


story they did not agree. Thinking that this discre 
g be due to excessive stresses, when testing model No. 2, a 

axin m. load of only 714 lb. was used; but there was still the same _ 
disc) ‘epaney in the readings. Thinking that the apparatus might be 
ou of order, the loads were removed and then applied a second time but 


second readings agreed very closely with the first. In testing models _ 

No. 3, 4, and 5, loads of 11% Ib., 3 lb., and 414 Ib. were applied. The 
loads were then removed and applied in the opposite direction. The ~ : 

_ readings for the two sides of the model continued to agree very closely 
in the bottom three stories; and in the fourth story they continued to 


es, 
: 
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disagree. It is therefore probable that either the material was not 
_ homogeneous or that there were internal stresses or local weaknesses in 
the upper part of the model. 

The observations made in the test of model No. 4 are given in 

Table 32. 

24. Results of Tests—The results of the tests of the models are 
given in Fig. 15. The models are shown by the sketches at the left 
of the figure. In these sketches members represented by heavy lines 
are 1% inch wide, and all other members are 14 inch wide. The upper 
diagram of Fig. 15 shows the changes in the slopes and ‘the lower 
diagram shows the deflections. 

In the upper diagram the first group of lines at the left represents 
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the changes in the slope at the point A,, the second group represents — 
the changes at A,, and similarly the third and fourth groups represent — 
the changes at A, and A,. The fifth group of lines from the left repre- « 
sents the changes in the slope at the point B,, the sixth group at B,, and 
similarly for the other groups. In the left-hand group of lines the 
change in the slope at the point A, of model No. 1 is laid off from the _ 
origin on a horizontal line opposite the sketch of model No. 1; the 
~ change in the slope at A, of model No. 2 is laid off from the origin on 
a horizontal line opposite model No. 2; the change in the slope at A, of 
model No. 3 is laid off from the origin on the horizontal line opposite 
model No. 3; and the change in the slope at A, of model No. 4 is laid 
off from the origin on the horizontal line opposite model No. 4. The — 
full lines connect points which represent the quantities as measured } 
and the dotted lines connect points which represent the same quantities 
as computed by the slope-deflection method. The changes in the slopes 
at A,, A,, Ay, B,, B,, B,, and B, are shown in a similar manner. 

The lower diagram shows the ratios of the deflection to the story 
height in the different stories of the models. The method of represent- 
ing the ratios of deflection to story height is similar to the method used 
to represent the changes in the slopes in the upper diagram. 

It will be noticed that the calculated quantities are in general greater 
than the observed quantities. The reason for this is: In the computa- 
tions, the length of a member was taken equal to the distance between 
center lines, whereas the length that is actually free to bend is the dis- 
tance from outside to outside of the members. This accounts for the 
difference between the observed and the computed values. 

Fig. 15 shows that the changes in the slopes and the ratios of the 


deflection to the story height as observed and as computed agree closely. 
In other words, the tests support the theory upon which the slope- 
deflection method is based. 


XI. Discussion or THE ASSUMPTIONS. 


25. Preliminary.—In making the analysis of the stresses the writers 
made certain assumptions in regard to the action of the frame when 
stressed. The effect of inaccuracies in these assumptions will now be 
considered. 

If all of the columns of a story are taken together as a free body, 
the algebraic sum of the moments at the tops and bottoms of all the 
columns is equal to the shear on the story multiplied by the story height. 
As the moments in the columns are balanced by the moments in the 
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of inaccuracies in the assumptions upon the moments in a bent. 
26. Assumption of Perfect Rigidity.—According to assumption No. 
1, the connections between the columns and girders are perfectly rigid. 


The truth of this assumption can be determined only by tests. As far 
as the writers are aware no such tests have been made. While it is 


undesirable to make a mathematical analysis which is based upon an 


5 


unverified assumption, some assumption relative to the rigidity of the — 


connections must be made before the stresses in a frame can be deter- 


mined. The distribution of the stresses depends more upon the relative 
stiffness than upon the actual stiffness of the connections. In view of 


= 


these facts, it seems that the assumption of perfect rigidity of the joints — 


is the most logical one that can be made. 
27%. Assumption of the Unchanged Length.—According to assump- 


tion No. 2, the change in the length of a member due to the direct stress — 


is equal to zero. 

If columns A and B change in length, the moment at the right- 

hand end of girder a will be given by the equation 

Maz = 2EK, (20, + 03 — 8R,), 
in which R, is equal to the difference between the changes in the lengths 
of columns A and B divided by the length of girder a. In the derivation 
of the general equations in Section VI, R, was assumed to be equal to 
zero. If the changes in the lengths of the columns do not alter the 
values of 6, and 6s, the change in the moment AM,z, at the tight- 
hand end of girder a due to the changes in the lengths of the columns is: 
AM az = 2EK, (— 3R,). 

The change in the moment at the left-hand end of girder a is equal 
to the change at the right-hand end. The difference between the changes 
in length of columns A and B, or the deflection of one end of girder a 
relative to the other end, is given by the equation: 
d= = in which | 
d= the deflection, 

P=the difference between the stress in column A and the stress in 

column B, 
1= the length of the columns, 

A= the area of the column section, 
# =the modulus of elasticity of steel. 


f 


Si .% 
19, page 75, ‘the ec canes takes in the first save 
B are 14,464 Ib. and 4,587 lb. respectively. : 7. 
re P = 14,464 — 4,587 = 9,877 lb. From Table 11, page 48, 
» K,= 30.5 in’, and A = 112.8 sq. in. H=29,000,000 os 
_ Substituting these values in the above equation for d, gives: 


°, d= .000798 in. 
finition, R, =! therefore | =e 
000798 


E,= = .00000303, and 


264 

‘MMian = 2 X 29, 000, 000 X 30.5 (— 3 X .00000303) = — 16,050 in. Ib. 

_ This change in the moment is 5.6 per cent of the moment at the right- 

hand end of girder a as given in Table 18, page 74. Likewise the 

“moment at the left-hand end of girder a is decreased by 16,050 in. Ib., 

which is 6.6 per cent of the moment as given in Table 18. 

3 The moment at the end of girder D is affected by the changes in the 

lengths of two columns, B, one on each side of the center line of the 

bent. One column is subjected to a tensile stress of 4,587 lb., and the 
other to a compressive stress of 4,587 lb. The deflection of girder } 
is given by the equation 


2X 4,587 X 264 


ct 
* 
“7 

: 


<2 Ss Re inches. 
i 128 x 29,000,000 Buel eS. 
00074 
oe = 90000343. 
i 216 


AMgpz = 2 X 29,000,000 X 37.3 X 3 X .00000343 = 22,300 in. Ib., 

_ which is 9.0 per cent of the moment at the end of girder b as given in 
Table 18. 
The change in the length of a column is a function of the unit 
direct stress and also a function of the story height. The first story 
of the building considered is much higher (22 ft.) than the other stories, 
and the unit direct stress in the columns in the first story is greater 
than in the stories above; hence the change in the length of the columns 
is very much less in the other stories than in the first story. Therefore 
the changes in the moments for the other stories will be less than those 


in the first story computed above. 
The changes in the moments in the columns have been deter- 
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mined and it remains to consider the effect of the direct stresses in t e 
girders. The direct stress in a girder is very small in comparison witl 
the direct stress in a column and therefore may be neglected. 
If the changes in the slopes were not affected by the changes in 
b the lengths of the columns, the moments at the ends of girders a and b 
would be decreased. As the sum of these moments is determined i 
the product of the shear in the story and the story height, they can “eae R. 
all be decreased simultaneously. Therefore all of the changes in the © 
slopes must be increased until the sum of the moments at the ends of 
the girders will balance the moments in the columns. This will make 
the moments at the ends of the girders practically the same as they 
would have been if the columns had not changed in length. If the — 
moments at the ends of the girders are not materially affected, the 
moments at the ends of the columns will not be materially affected. 
Therefore although the direct stresses in the columns do change the 
lengths of the columns, they do not affect the stresses in the frame to any 
great extent. 

28. Assumption as to Length of Members—In accordance with 
assumption No. 3, the length of a member was taken as the distance 
between the center lines of the members which it intersects. This makes 
the changes in the slopes and deflections, as calculated, greater than the 
actual values. The effect of the inaccuracy of this assumption upon the 
distribution of the moments is, however, not so apparent. 

The curves in Fig. 6, 7, and 8 show that the distribution of the 
moment in a story depends upon the relative values of K of the mem- 
bers, but that it takes a comparatively large change in the K of a. mem- 
ber to appreciably affect the distribution of the moments. The fact 
that the length of a member has been taken equal to the distance between 
center lines, has but little effect upon the relative values of K for the 
members; and therefore does not materially affect the distribution of > 
the moments. 

29. Assumption as to Deflection Due to Shear—According to 
assumption No. 4, the internal shearing stresses in a member produce no 
deflection. The distribution of the stresses is dependent, not upon the 
actual deflection of the columns due to shear, but upon the differences 
between the deflections in the different columns. The shears on the 
columns are small and the differences between the shears are still smaller ; 
and therefore the assumption that the deflection due to shear is equal is 
zero will not cause any appreciable error. 


30. Assumption as to Load.—According to assumption No. 5, the 


y th ena a ain of a ee ling 


wind loads, but the resistance which hey 


rtion of the load is considered as being re- . 


Ifa po 


; but the method of determining the stresses is not affected. 
. XII. Conctustons. 


ing conclusions can be made relative to the methods used to determine _ 
_ the wind stresses in the steel frames of office buildings. 

a, Methods II and III of Section II are so inaccurate that they 
should never be used; I and IV are quite accurate in some cases, but 
_ they may give results mahich are seriously in error. 

+b. The method presented in Sections VI and VII, and designated 
as the slope-deflection method, contains no approximations except those 


assumptions do not materially affect the results. Therefore the method 
is very accurate. 

ce. While the slope-deflection method is long, it could be used in 
the actual design of a building; but it has its greatest value as a standard 
by means of which the accuracy of the approximate methods may be 
determined. 

d. The proposed approximate method is short; and, except at 

points where there are very large changes in the size of the members, 

gives results which are accurate enough to be used in the actual design 
of a building. 


le walls the stresses in the steel frame are correspondingl; ey 


ane a result of the investigation described in this bulletin the follow. e 


in the assumptions. It has been shown that the inaccuracies in the — 
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- PROPERTIES OF THE COLUMNS AND GIRDERS IN THE SYMMETRICAL “ THREE- 
Span TWENTY-STORY BENT SHOWN IN Fie. 5. 


PAB EP le 


Moment of Inertia—(Inches)* 


4 Angles 


Total 


3950 


Area of 
Story Web 4 Cover | Section war Perse ee: 
Number | Plate | Angles | Plate | Sq.In. | Web |Primary ae Plate 
1 17x | 8x8x% |2-18x13 | 112.80 358 318 | 2190 
2 17x§ 8x8xf |2-18x1} | 112.80 
"3 and 4 17x%_| 8x8xg |2-18x1 | 103.80 
_5 and 6 17x$ 8x8x§ |2-18x1} 92.55 
S| 7and8 17x} 8x8x% |2-18x,7, | 83.55 
#\ oandi0 | izxt§ | Sx8xt8 72.42 
3 Itand12 | 17x% , | 8x8xt3 64.24 
13 and 14 17x? | 8x6x33 53.79 
15and16 | 17x} | 8x6x$ 42.26 
17 and above | 17x} | &x6x,% 38 .86 mera 

1 17x$ | 8x8x% |2-18x1} | 112.80_ 
A 2 17x% | 8x8x |2-18x1} | 112.80 
3 and 4 17x 8x8xf_ |2-18x1 103.80 
5 and 6 17x} 8x8x§ |2-18x3 94.80 
\Tand8 | 17x} | _8x8xi |Q-18x} | _ 85.80 

BO and 10 | t7xj_| Sx8xi [18x [_79.05_ 

3 | 1 and 12 rege es OE ee | 
13 and 14 17xf | 8x6xt3 57.92 
15 and 16 17x§ | 8x6xg | —*'| 44.39 
17 and above 17x§ | 8x6xy4 41.00 
3 6x3}x¥ 29.43 
a 6x34xi 27.18 
a BxBhxd 25.70 
Z 6x34xq 24.93 
3 BxB4xg 23.45 
2 5x3)xg 21.20 
6x34xz 29.43 
= Ox8ix,, |__| _20.88 
a 6x34x3 27.18 
A 5xdixy 25.70 

& 6x3}x$ ~ 24.93 
& 5x3hxg 5 23.45 
© }B8andabove | 24x$ | 5x34xz 21,20 
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TABLE 12. 


NUMERICAL VALUES OF THE CONSTANTS IN THE EQUATIONS OF TABLE 
3 FOR THE SYMMETRICAL THREE-SPAN TWENTY-STORY BENT SHOWN 


im Fie; 5. 
All quantities are expressed in inches3 

Values of Values of Values of 5 

I i Decy eet! = 

K(=3) K(=5 [23G45)] & 

; for a _for all members MM 
s intersecting at the nw B 
> De 
8 a 
mn = = a 
< Q le ae x a pole) 
a r=] ns Pp 3 P rete =| ae 
8 g oss 505 og Sg 3 =| 
5 = Bsn C= Re 3 3 ota 
"3 S ae ns SS SS as 
is) 5 ons ous =te) BO acs 
1 25.8 25.8 30.5 37.3 183.8 258 4 206.8 
2 35.6 35.6 21.4 29.2 184.8 243.4 284.8 
3 35.4 35.5 21.4 26.2 184.4 237.2 283.6 
4 35.4 35.5 19.5 26.2 168.6 223 .2 283.6 
5 29.4 30.4 19.5 23.8 156.6 208.2 239.2 
6 29.4 30.4 14.1 17.2 144.4 183.4 239.2 
7 28.7 30.0 12.8 15.7 140.4 177.0 234.8 
8 28.7 30.0 7.7 9.4 115.0 146.4 234.8 
9 Pa al 26.1 od 9.4 99.8 138.6 188.8 
10 21.1 26.1 Ee 9.4 95.2 126.2 188.8 
11 18.8 19.9 tie h 9.4 90.6 113.8 154.8 
12 18.8 19.9 Wiad 9.4 89.6 111.2 154.8 
13 18.3 18.6 rhea 9.4 88.6 108.6 147.6 
14 18.3 18.6 reat 9.4 80.6 100.6 147.6 
15 14.3 14.6 Moat 9.4 72.6 92.6 115.6 
16 14.3 14.6 (i 9.4 70.2 89.8 115.6 
17 13.1 13.2 cred 9.4 67.8 87.0 105.2 
18 13.1 13.2 Tee 9.4 67.8 87.0 105.2 
19 13.1 13.2 Eh 9.4 67.8 87.0 105.2 
20 13.1 13.2 iets 9.4 41.6 60.6 105.2 
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MINATION OF THE UNKNOWN QUANTITIES IN THE EQUATIONS FOR THE SY 


CAL THREE-SPAN TWENTY-STORY BENT SHOWN IN Fic. 5. 


Opi 


TABLE 14. 


Left-Hand Member of Equation 


Story No. 2 


Ry | as / as 


Story No. 3 


R. 


3 O43 | Ops 


Coefficients of Unknown Slopes and Ratios of Deflection to Story Height 


1.0000}—0. 2495|—0 . 2495 
1.0000|—2.3747|—0.3940 
1.0000|—0 .3940|—8 .8204 


0 2.1252) 0.1445 
0 |—1.9806] 3.4263 


1 0000) 0.0680 


1.3798|—0. 4599 
1.3798 


—1.3798| 0.4599 
0 |—0.4599) 0.4599 


—0.6494) 0.2164 
0.2322|—0 2322 

—4,0000} 1.0000) 1.0000 

—3.0000] 5.1912} 0.6012 


—0.6494;—0.0158} 0.2322 
4.0000} 0.7678}—1 2322 
—1.0000)—4.1912} 0.3988 


—0.3611|—0.0088} 0.1292 
—1,4652| 0.2812) 0.4513 
—1.0000]/—4.1912) 0.3988 
—3.0000} 0.6012] 7.6575 


1.1040|—0. 2900} 0.3222 
—0.4652| 4.4724) 0.0525 
2.0000|—4. 7924|—7 2587 


1 |—0.2627}—0. 2918 
1 |—9.6140]—0. 1128 
1 |—2.3962]/—3 6293 
0 
0 


9.3513|—0 1790 
—7.2178) 3.5165 


—0,0191 
—0 4872 
1.0028 


—0 4599 


—2.9834| 0.9944 


2.9834|—0 9944 


2.9834|—0.9941 


—2.9915 0.9972 


—2.9834| 0.9944 
5.9749|—0.9944|—0. 9972 


6.4127|—2.1378 
2.9874|—0 .4972|—0. 4986 


—6.4127| 2.1378 
3,.4252|—1 6406] 0.4986 


—0.6857| 0.2286 

—0.4746] 0,2273|—0.0691 
—4.0055} 1.0000] 1.0028 
—3.0000} 5.2091} 0.6045 


—0.2111} 0.0013} 0.0691 
3.5309|—0.7727|—1.0719 
—1.0055|—4.2091) 0.3983 


—0.4511} 0.0027) 0.1476 
—2.3700} 0.5186} 0.7194 
—1.0028|—4,1971} 0.3971 
—3.0000} 0.6028} 7.4200 


1.0189|/—0.5159|—0.5718 
—1.3672} 4.7157) 0.3223 
1.9972|—4. 7999 |—7 .0230 


—3.0000| 1.0000 


3.0000|—1 . 0000 


2.9915 |—0.9972 


—3 . 0000 


—2.9915) 0.9972 


g 
des bd. 


5.9915 |—0.9972|—1. 0000} 


>, 
‘MME’ 


ie 


be bie 


) 


bes obs 


So 


TaBLE 14.—(Continued). 


ON OF THE UNKNOWN QUANTITIES IN THE EQUATIONS FOR THE Svar M 
CAL THREE-SPAN TWENTy-STorY BENT SHOWN In Fic. 5. 


Left-Hand Member of Equation 


Story No. 4 


Story No. 5 Story No. 6 


R 


O34 R; O45 | Ops Ry a6 O86 


ci Ons 


Coefficients of Unknown Slopes and Ratios of Deflection to Story Height 


—0.2689/—0. 2980 
—3 .4490|—0.2357|| 2.1881|—0.7294 
—2_4033|—3.5179|| 2.9999|—0.4993|—0. 5007 


3.1802|—0.0623|/—2.1881] 0.7294 
| 2.1344) 3.2199}|—2.9999) 0.4993) 0.5007 


—0.0196}|—0.6881} 0.2294 
1.5086||—1.4057} 0.2339} 0.2346 
1.0028||—4.0057| 1.0000} 1.0028 
—3.0000} 4.7628] 0.5508}|—2.4914) 0.8302 


—1.5282|} 0.7176|—0.0046|—0. 2346 : 
1.5086}| 1.5943|—4.5290/—0.3162}| 2.4914)—0.8302 are 
1.0028] |—1.0057|—3.7628} 0.4520]| 2.4914/—0.8302 —0.8546 


—0.4696| 0.0030] 0.1535 

1.0568|—3.0019|—0.2096|| 1.6514|—0. 5503 
—1_0028|—3.7520] 0.4507|| 2.4842] 0.8279 
—3.0000] 0.5496] 7.0255] |—2. 5691 0/0000 


E20 || —1.5264] 3.0049] 0.3631|/—1.6514| 0.5503 —0.1290 
2) 20596] 0.7501|—0.6603||—0.8328| 0.2776 1.1352 
CT || 4. 0568|—3.5515|—7.2351|| 4.2205|—0. 5503|—0. 8564 0.2830 
9 1 |+1.9687}—0.2379|| 1.0819|—0.3605 0.0846 
3 1 | 0.3642|—0.3206]|—0.4044| 0.1348 0.5512 
ve 1 |—0.8754|1.7836|| 1.0404|—0. 1357|—0.2111 0.0697 
ut 0 |—2.3329] 0.0827}| 1.4863)—0.4953 —0. 4666 
By o | 1.2397} 1.4630||—1.4448| 0.2705} 0.2111 0.4815 
IF 1 |-0.0355||—0.6371} 0. 0.2000 
6 1 1.1803||—1.1657] 0. 0.1703 0.3884 
iq 1 | 1.0340||—4.0684 1.0340 —0' 9609 
Dy 1 —3 0000} 5.3260] 0.6632||—3.0000| 1.0000 0.0000 
th. 0 ; 0. 5286|—0.0059|—0 .1703 —0, 1884 
at 0 3.4313|—0.7877|—1.0340|] 1.1609 
0 —1.0684}—4.3260] 0.3708]] 3.0000/—1.0000 —0. 9609 
ber —0.4348! 0.0048] 0.1401 0, 1550 
Lt —3.2083] 0.7365} 0.9668 1.0855 
7 —1.0333|—4. 1842] 0.3586]| 2.9016|—0. 9672 —0.9294 
—3_0000|—0.6415] 7.6321||—3.0000 1.0000]} 0.0000 
2.7735|—0 .7316|—0. 8267 1.2405 
—2.1750| 4.9207] 0.6082||—2.9016| 0.9672 —0.1561 
—4 8257|—7.2735]| 5.9016|—0.9672| —1.0000]|—0.9294 
—0.2638]—0. 2981 0.4473 
—2_2623|—0.2796]| 1.3341|—0,4447 0.0718 


3 .0004/—0. 4918] —0. 5085) |—0. 4726 


—2.4540|—3 . 6986 


1.9985]—0.0185||—1.3341] 0.4447 0.3755 
2.1902} 3.4005||—3.0004) 0.4918) 0.5085}|} 0.9199 


= 


TaBLE 14.—(Continued). 


Left-Hand Member of Equation. 


Story No. 6 


Ry a6 


—0. 6676) 0.2225 
—1.3698) 0.2246) 0.2322 
—4.0682} 1.0000) 1.0341 


—3.0000} 4.9120) 0.4796 


0.7022)—0 .0020|—0. 2322 
3.4006|—0.7775|—1.0341 
—1.0682}—3.9120) 0.5545 


—0.4497} 0.0013] 0.1487 
—3.2593} 0.7452) 0.9911 
—1.0330|—3.7818] 0.5362 
—3.0000) 0.4638) 6.5993 


2.8097|—0.7439/—0 .8425 
—2.2263} 4.5270) 0.4549 
1.9670|—4. 2456]—6 . 0631 


—0.2648|—0. 2998 
—2.0335|—0.2044 
—2.1586|—3 .0827 


1.7687|—0. 0955 
1.8938] 2.7828 


—0.0540 
1.4695 
1.0453 


Story No. 7 


937 


2.9285] 0.9762 
2.9285|—0.9762| 


2.8320|—0.9440 


—2. 9606 0.9870 


—2.8320) 0.9440) 
5.7926/—0. 9440/—0. 9870 


1.2721|—0. 4240 
2,9451|—0. 4799|—0 .5018 


—1.2721] 0.4240 


—2.9451) 0.4799} 0.5018 


; 1.0000) 
—3.0000} 4.8920 


0.8361]—0.0137|—0. 2650 
3.3717|—0 . 7603|—1 .0453 
—1,0909}—3.8920} 0.5993 


—0.5489} 0.0090} 0.1739 
—3 0672} 0.6916) 0.9510 
—1.0436]—3.7234| 0.5733 
—3.0000) 0.4267) 6.4233 


2.5183|—0 .6826]—0.7781 
—2.0236) 4.4150) 0.3777 
1.9564|/—4,1501]—5 .8500 


—0.2711]/—0.3090 
—2.1818]—0.1867 
—2.1213]—2.9903 


1,9108]—0. 1223 
1.8502} 2.6813 


‘ '¢: EO Phe 
ILLINOIS ENGINEERING EXPERIMENT STA’ 


LIMINATION OF THE UNKNOWN QUANTITIES IN THE EQUATIONS FOR THE SYM 
CAL THREE-SPAN TWENTY-STORY BENT SHOWN IN Fie. 5. 


| es 


—3.0000} 1.9000 


3.0000}—1 0000 


2.8700|—0. 9567 
—3.0000 


1.0000 


—2.8700} 0.9567 
5.8700]—0. 9567] —1.0000} 
f 


1.4184|—0 4728 
8 .0006]—0. 4890] —0.5111 


—1.4184) 0.4728 


—3.0006} 0.4890) 0.5111 


TABLE 14.— (Continued) ; 


N OF THE UNKNOWN QUANTITIES IN THE EQUATIONS FOR THE SYMMETRI 
THREE-SPAN TWENTY-STORY BENT SHOWN IN Fic. 5. ; 


Left-Hand Member of Equation 


Story No. 8 


Ass | Ops 


Story No. 9- 


Ry 


O49 O39 


Story No. 10 


Ryo | 9410 


B10 


Coefficients of Unknown Slopes and Ratios of Deflection to Story Height 


2.4372|—0.6672|—0.7598 
—1.9750| 3.5553) 0.1990 
1.9564|—3 . 1336|—4. 4500) 


—0 . 2738 |—0.3117 
—1 .8002|—0. 1008 
—1 6019|—2.2747 


1.5265|—0.2110 
1.3281} 1.9630 


—2.2056) 0.7352 
2..2056|—0. 7352 


2.1100|—0.7036 
6100 0.8700 


—2.1100} 0.7036 
4.7200|—0.7036|—0.8700 


1.0685|—0.3563 
2.4127|—0.3597|—0. 4447 


—1.0685| 0.3563 
—2.4127| 0.3597) 0. 


—0.7000} 0.2834 
—1.8165} 0.2708 
—4.4743] 1.0000) 1.2371 
—3.0000] 4.7299) 0.3649 


1.1165|—0.0374|—0.3348 
3.7743|—0.7666|—1 . 2371 
—1 .4743|—3.7299] 0.8722 


0.6908] 0.0231) 0.2072 
—2.7443) 0.5574) 0.8995 
—1,1918|—3.0151) 0.7051 
—3.0000} 0.2950) 5.6705 


2.0535|—0.5342|—0. 6924 
1.5525} 3.5725) 0.1945 
1,8082|—3 .3102|—+. 9654 


—0 .2602|—0 . 3372 
—2.3013|—0.1253 
—1 . 8308|—2. 7462 


2.0411}—0.2119 
1.5706) 2.4090 


4447 


0.3348 


—3.0000} 1.0000 


3.0000/—1 .0000 


2,4253|—0. 8084 


—3.0000 1.0000 


—2,4253) 0.8084 
5.4253|—0. 8084|—1 0000 


1.5624/—0.5207 
3.0000|—0.4471|—0.5531 


—1.5624| 0.5207 


—3.0000] 0.4471) 0.5531 


Mae mae 


? 


> 


ios 


a oe Lon aA 
ILLINOIS ENGINEER 


Taste 14.—(Continued). 


THREE-SPAN TWENTY-STORY BENT SHOWN IN Fie. 5. | 


Story No. 9 


Ry 


a9 


ooo eee 


Left-Hand Member of Equation 
Story No. 10 Story No. 11 
9p9 || Rio | Par | Fi0 / Ai 


Story No. 12 


‘ELIMINATION OF THE UNKNOWN QUANTITIES IN THE EQUATIONS FOR THE SYM 


Coefficients of Unknown Slopes and Ratios of Deflection to Story Height 


—0.7655} 0.2551 

—1.9103) 0.2847) 0.3522 
—4 4743} 1.0000} 1.2371 
—3.0000} 4.5120) 0.3649 


1.1448|—0.0296|—0. 3522 
3. 7088|—0. 7449|—1 .2371 
—1.4743|—3.5120} 0.8722 


—0.6991} 0.0180} 0.2151 
—2.7660} 0.5555) 0.9226 
—1,1918|—2.8392} 0.7050 
—3.0000} 0.2950} 5.1954 


2.0669|—0.5375|—0.7075 
—1.5742| 3.3947} 0.2176 
1.8082|—8.1342/—4. 4904 


1 = |—0.2601|—0.3423 
1 |-2.1566|/—0. 1382 
1 _|-—1.7333}—2.4833 


1.8865|—0.2041 
1.4732} 2.1310 


—0. 1082 
1.4464 
1.0585 


—0 . 1038 
1.5340 
1.2371 


—1. 6378 


—1.3409 
1.2371 


1 
1 
1 
il 
0 
0 
0 


oc 


—1.5547 
—1.1668 
1.0585 


coo (i aeleetlaeel 
et et 


ooo 


—2.6730) 0.8911 


2.6730|—0.8911 


2.1610/—0.7204 


—2 . 2873 0.7624 


—2.1610} 0.7204 
4.4483 |—0.7204|—0. 7624 


1.3728|—0.4576 
2.4602|—0.3984/—0. 4216 


—1.3728] 0.4576 
—2.4602| 0.3984 


—0.7277| 0.2426 
—1.6700 F 2705 
—4.1170} 1.0000} 1.0585 
—3.0000) 4.8195} 0.4096 


0.9422|—0 0278/0. 2862 
3.3893 |—0.7574|—1 .0585 
—1.1170|—3.8195) 0.6499 


—0.6061} 0.0179) 0.1841 
—2.9051} 0.6492) 0.9076 
—1.0553|—3.6083] 0.6140 
—3.0000} 0.3869 


2.2990|—0.6313|—0. 7235 
—1.8498} 4.2575) 0.2936 
1.9447|—8 .9952|—5 5773 


1 |—0.2746|—0.3147 
1 |—2,.3018|—0. 1587 
1 |—2.0547|—2.8682 


0 2.0272|—0. 1560 
0 1.7801] 2.5535 


0.4216 


0.2862 


6.1913 ]|— 


—3.0000} 1.0000 


3.0000|—1 .0000 


2.8343'—0.9449 
3.0000 

—2.8343) 0.9449 
1.5323|—0.5109 


—1.5323| 0.5109 
—8.0000} 0.4859 


p11 || Rie : Pare | p12 \| 


1.0000 


5.8343|—0, 9449|—1 0000 


3.0003 |—0. 4859|—0.5143 


0.5143 


, 


so eo, 
; ~ _ TasBLe 14.—(Continued). 


Left-Hand Member of Equation 


Story No. 12 Story No. 13 Story No. 14 


p13 


9p 


Rip 


Rig 


Paro | Opie A433 


—0.7559} 0.2520 
—1.6854} 0.2730) 0.2889 
4.1170} 1.0000) 1.0585 
|{|—8.0000) 4.7660} 0.4096 


0.9294|—0.0210/—0. 2889 
3 .3611|—0.7480|/—1 .0585 
—1.1170|—3.7660) 0.6489 


—0.6150} 0.0139) 0.1911 
—2.9602} 0.6587} 0.9323 
—1 .0553|—3.5583} 0.6131 
—3.0000} 0.3869) 6.0609 


—2.9205} 0.9734 


2.9205|—0.9734 


hts —0.9197 


—2 804! 0.9347 


9.34520. 6449|—0. 7412 9886 
19049] 4.2170] 0.3192||—2.7592| 0.9197 0.1321 
1_9447|~3.9452|5 4478|| 5.5632|—0.9197|—0. 9347 016734 

1 |—0.2750|—0.3160 4216 

1 |+2.2137|—0.1676|| 1.4484|—0.4828 00693 

I] 1 |+2.0288|—2/8015|| 2.8609|—0.4730/—0. 4807 03463 

| 0 1,.9387|—0.1485||—1.4484] 0.4828 0.3522 

0 1.7539] 2.4855||—2.8609] 0.4730] 0.4807 0.7679 

1 |~0.0766||~0:7471] 0.2490 0.1816 

1 1.4173||—1.6314| 0.2697] 0.2741 0.4378 

1 1.0164||—4.0329] 1.0000] 1.0164 —0. 6503 

1a 1 3.0000] 4.8417] 0.4208}|-3.0000] 1.0000 0.0000 

20 | 0 |+1.4939|| 0.8842|0.0207/—0. 2741 0.2562 

| 0 |+1.0930|| 3.2857|~0.7510/—1. 0164 0.8320 

S | 0 1.0164! |—1.0329|—3.8417} 0.5956/| 3.0000/—1.0000 —0 . 6503 

| 1 ||~0.5920] 0.0138] 0.1835 0.1715 

; 1 |{|~3/0063] 0 6871] 0.9299 —0.7612 

1 |{-1.0163|-3.7802} 0.5861|| 2.9520/—0. 9840 —0.6399 

1 ||~3/0000] 0.4140! 6.34431|—3.0000 1.0000! 0.0000 

n 0 2.4143|—0.6733|—0.7464 0.9327 

+ ’ 0 ||-1.9900] 4.4673] 0.3438}|-2.9520] 0.9840 —0.1213 

mn 0 1.9837|—4. 1942|—5.7582|| 5.9520/—0.9840|—1.0000) |—-0. 6399 
al 1 |-0.2789|—0.3002 0.3863 
+ 1 |+2/9413|-0.1798|| 1.4834|~0.4945 0.0610 se 
| 1 |—2.1143|-2.9030|| 3.0000|—0.4961|—0.5042| {0.3226 
| H 

ie 0 1.9624|—0.1364]|—1.4834] 0.4945 0.3254 
6 0 | 1.8354] 2.5938|/—3.0000] 0.4961] 0.5042]! 0.7089 
i =a 


a ee 
f 


TABLE 14.—(Continued). 


Ei IMINATION OF THE UNKNOWN QUANTITIES IN THE EQUATIONS FOR THE SYMMET 
THREE-SPAN TWENTY-STORY BENT SHOWN IN Fie. 5. oe 


Left-Hand Member of Equation 


Story No. 13 Story No. 14 Story No. 16 


Story No. 15 


Rig 


Mais | Opis |} Ris | Oars | Opis |} Ris | Pa15 | Ppis |] Rie 


9416 / 9p16 


Coefficients of Unknown Slopes and Ratios of Deflection to Story Height 


—0. 0695] |—0.7559) 0.25: 
1.4135] |—1.6349) 0.27 
1.0164] |—4.0329] 1.0000) 1.0164 

—3.0000} 4.4044) 0.4208) |—2.3443) 0.7814 


—1.4830}| 0.8790|—0.0184/—0 2747 
—1.0859}| 3.2769|—0.7480/—1 0164 
1.0164] |—1.0329|—8 4044] 0.5956)} 2.3443/—0.7814 


1 —0.5928} 0.0124) 0.1853 

100 1 —8.0177} 0.6888} 0.9360 

101 1 —1.0163/—3.3497| 0.5860)} 2.3067|—0.7689 

Pp 1 —3.0000} 0.4140} 5.9148) |—2.3551 0.7850) 
0 
0 
0 


97-n 
n-0 


SCSOO RRRH 


= 97-98 


99 


99-100 2, 4249|—0. 6765|—0. 7507 
100-101 —2'0014| 4.0385| 0.3499||~2.3067| 0.7689 
101-p 1.9837|—3.7637|—5.3287|| 4.6618|—0. 7689|—0. 7850 
102 1 |-0.2790/—0.3096 
103 1 |-210179|—0:1748|| 1.1525|~0.3842 
104 1 |+1'8974|~2'6867|| 213505|—0.3877|—0. 3953 
102-103 o | 1.7389|~0.1348||—1.1525] 0.3842 
102-104 0 | 1.6184) 2°3771]|~2'3505| 0.3877] 0.3958 
105 1 |+0.0775||~0.6624| 0.2209 
106 1 | 1.4690||—1:4525} 0.2396| 0.2446 
q 1 | 1.0210||~4/0419| 1,000! 1.0210 
r 1 —3,0000] 5.0771] 0.5385||—3.0000| 1.0000 
105-106 0 0.7901|—0.0186|—0.2446 
105-q 0 3.3795|—0.7790|—1.0210 
q-r 0 —1'0419|—4 0771] 0.4825|| 3.0000|—1.0000 
107 —0.5109| 0.0120} 0.1581 
108 —3'0762| 0.7092] 0.9294 
109 —1:0206|—3 9933] 0:4726|| 2.9383|—0.9795 
8 —3'0000} 0.5274} 6.98321 |—3.0000 
107-108 2.5653|—0.6972|_0.7713 
108-109 —2'0556| 4.7025} 0.4568||~2.9383| 0.9795 
109-8 1,9794|45207|—6.5106|| 5.9383|—0.9795|—1 0000 
110 1 |+0.2718|~0.3006 ' 
111 1 |+2/2875|—0"2999|! 1.4294|0.4765 
112 1 |+272836|—3"288s|| 3.0000|—0.4946|—0. 5052 
110-111 0 | 2.0157|-0.0784||~1.4904] 0.4765 
111-112 0 | 2.0118] 2:98821|—3 ‘00001 0:4946| 5052 


oh Sy e 


> ab aS RS gerne es 
RN ioe 


TABLE 14.—(Continued). 


OF THE UNKNOWN QUANTITIES IN THE EQUATIONS FOR THE SYMMETRI ‘F 
THREE-SPAN TwWENTY-STory BENT SHOwN IN Fic. 5. 


Left-Hand Member of Equation 


——= 


Pai16 | Ppi6 


—0.7091) 0.2364 

—1.4913} 0.2459) 0.2511 
—4.0419} 1.0000} 1.0210 
—3.0000} 4.9092) 0.5385 


0.7822|—0.0095|—0. 2511 
3 .3328|—0.7636|—1.0210 
—1.0419/—3.9092} 0.4825 


—0.5132} 0.0062 
—3.1444) 0.7204 
—1.0206|—3 .8290 
—3.0000} 0.5281 


2.6312/—0.7142|—0.7986 
—2.1238) 4.5494); 0.4907 
1.9794|—4.3571|}—6 .3329 


—0.2714|—0.3035 
—2.1422}—0.2310 
—2 .2013|—3 . 1993 


1.8708|—0.0724 
1.9299] 2.8958 


Story No. 17 


Riz | Oar | Opiz 


—2.7480} 0.9161 
2.7480|—0.9161 


2.6916]/—0.8973 
— 2.7161 0.9054 


—2.6916} 0.8973 
5.4077|—0.8973|—0. 9054 


1,2673|—0. 4225 
2.7318|—0.4533|—0.4574 


1.2673] 0.4225 
—2.7318} 0.4533) 0.4574 


0.2374 
1.0092 
0.5878 


0.7403|—0.0094|—0. 2374 
3 .3440|—0.7741|—1 .0092 
—1.0214|4.1755| 0.4214 


—0.4810} 0.0061) 0.1542 
0.9630 
0.4182 
—3.0000] 0.5833] 7.3021 


* 2,7148|—0.7337|—0.8088 
—2.1822} 4.8835) 0.5448 
1.9864|—4.7270|—6 .8839 


—0.2703|—0.2979 
—2.2380|—0. 2496 
—2.3797|—3 .4655 


1.9677;—0 0483 
2.1094] 3.1676 


Rig | aig 


Coefficients of Unknown Slopes and Ratios of Deflection to Story Height 


—0.4548 
—0 .4996 |—0. 5035 


; 4548 
—3.0093} 0.4996) 0.5035 


: 


> TasBLe 14.—(Continued). 


ELIMINATION OF THE UNKNOWN QUANTITIES IN THE EQUATIONS FOR THE SY: 
THREE-SPAN TWENTY-STORY BENT SHOWN IN Fie. 5. 


Left-Hand Member of Equation 


Story No. 17 Story No. 18 Story No. 19 


Rig Rig 


Oa17 | Opay Os18 | Fpis 9s19 | Ppi9 


se Coefficients of Unknown Slopes and Ratios of Deflection to Story Height 


P1129 1  |—0.0245}|—0.6935} 0.2311 
130 1 1.5017||—1.4268] 0.2369] 0.2387 
a 1 1,0092||—4.0214] 1.0000] 1.0092 
A’ 1 —3.0000] 5.1755! 0.5878/|—3.0000} 1.0000 
7 
429-130 0 |—1.5262|] 0.7333|—0.0057|—0.2387 
129-2 0 |—1.0337|] 3.3279|—0.7689|—1 0092 
Feu 0 2||~1.0214|—4. 1755] 0.4214/| 3.0000/—1.0000 
131 1 |/~0.4805] 0.0037) 0.1564 
ise 1 ||~3.2197] 0.7438] 0.9764 
133 1 |}+1.0120/—4.1373] 0.4176|| 2.9727/—0.9909 
B’ 1 {|+8.0000} 0.5833] 7.3021|/—3.0000 - 1.0000 
131-132 0 2..7392|—0.7401|—0. 8200 
132-133 0 ||-2.2077] 4.8811] 0.5588]|—2.9727} 0.9909 
133-B’ 0 1_9880|\—4.7206|—6.8846]| 5.9727|/—0.9909/—-1.0000 
134 1 |+0.2702|—0.2993 
135 1 |—2.2110|—0.2531}} 1.3465|—0. 4485 
136 1 |—2.3745|—3.4629|| 3.0042|—0. 4980/0. 5030 
134-135 0 1.9408]|—0.0462||—1.3465] 0.4485 
134-136 0 2.1043] 3.1635||—3.0042| 0. 
137 1 {—0.0238]|—0.6938 
138 1 1.5034||—1.4277 
C’ 1 1.0092||—4.0214] 1. “0092 
D 1 —3.0000] 5.1755] 0. —3.0000] 1.0000 
137-138 0 |—1.5272]] 0.7339/—0.0056|—0. 2390 
led 0 |—1'0330]| 3.3276|—0:7689|—1 .0092 
C’-D' 0 1.0092||—1.0214|—4.1755| 0.42141) 3.0000|1.0000 
ns 1 |l-0.4806| 0.0036] 0.1565 
140 1 |/-3.2214 0.7444] 0.9769 
141 1 ||-1.0121|—4.1377| 0.4176|] 2.9727|—0.9909 
E 1 ||—8.0000} 0.5833) 7.3021]|—3 0000 1.0000 
139-140 0 2.7408|—0.7407|—0.8204 
140-141 0 ||-2.2093] 4.8821) 0.5594||—2.9727] 0.9909 ; 
141-B 0 1.9879|—4.7210|—6.8846|| 5.9727/—0.9909|—1 . 0000] | 
142 —0 2703|—0.2993 
143 —2_,2099|—0.2532]| 1.3455|—0.4485 
144 —2.3749|—3.4632]| 3.0046|—0.4985|—0. 5031 
“Sern 1.9396|—0.0461||—1.3455] 0.4485 
- 2.1047] 3.1639||—3.0046] 0.4985] 0.8031 
ie —0.0238||—0.6938] 0.2313 
* 1.5034||—1.4278] 0.2369] 0.2390 
ss 1.0092||—4.0214] 1.0000] 1.0092 
—3.0000] 3.1759] 0.5878 
ae —1.5272|| 0.7340|—0.0056|—0.2390 
Pn e —1.0330]} 3.3276|—0.7687|—1 .0092 
1.0092||—1 .0214|—2.1759 
ae —0.4806} 0.0037 
is —3.2217) 0.7442 
Ee —1.0122|—2.1563 


—3.0000] 0.5834 


ae 8, : 4 
ANTITIES IN THE EQUATIONS FOR THE SYMM 
NTy-Story Bent SHowN IN Fic. 5. 


aus | Os Ry | aan | = 


Coefficients of Unknown Slopes and Ratios of Deflection to Story Height 


—0 .2702|—0. 2993 
1.3129|—0. 2531 
—1 .3783|—2 . 4580 


1.0427|—0. 0462 
1.1081] 2.1587 


1 |-—0.0443 
1.9480 


1.9923 
1.0000 


a 
1 
1 
0 
0 


TABLE 15. 


- DETERMINATION OF THE CHANGES IN THE SLOPES AND OF THE ae 
_OF DEFLECTION TO Story HEIGHT IN THE SYMMETRICAL THREE- 
Span TweEnty-STORY Bent SHown IN Fic. 5 ie 


The equations are taken from Table 14. 


Left-Hand Member of Equation 


The first line in each group is the algebraic form of the equation. 
The successive lines are the numerical values of the terms. 


. ee ee, A 
Se CO eee ‘ 


Aa29 — -0443 Opa 


ie 150 | Ryy — .2702 A499 —-2993 Opog = ais 
.2702 x .00000517 i 


.4806 x .00000976 


-0037 x .00000517 
1565 x .00000338 


Ipi9 


i 145 | Baiy — -0238 Apig — -6938 Roy + .2313 Aq, 


-0238 x .00000835 
-6938 x .00000976 


-2313 x .00000517 


a 


I 


9ai9 


142 Rig — .2703 A419 — 2993 Opi9 = 
. 2703 x .00001085 = 
139 Ogis — -4806 Rig + -0087 A419 + - 1566 Op49 = 
. 4806 x ,00001836 = 
.0037 x .00001085 = 
-1565 x .00000835 3S 
aN PE eee EM oh Be ge A813 = 
137 A413 — +0238 Opig — -8988 Ryg + .2811 Agig = 
.0238 x .00001361 = 
-6938 x .00001836 = 
.2311 x .00001085 = 
Oaig = 
134 Rig — 2702 O43, — .2994 Opi8 


-2702 x .00001801 
2994 x ,00001361 


iy 


2742 


a 
ll 


to Story Hercut in tHe SyMMETRICAL THRE Z 
‘y-Story BENT SHOWN IN Fic. 5. ine 


Ri - 
Left-Hand Member of Equation ih and 
Equation i 
The first line in each group is the algebraic form of the equation. f 
The successive lines are the numerical values of the has eet 
4 =| .0804 a 
.4805 x .00002742 =| .1319. 2123 
.0038 x .00001801 =| .0007, 
-1564 x 00001361 =| .0213 —.0220 
: Bevg) E "1903 
129-1 giz — -0246 p47 — .6935 Ryg + .2311 Aas Jain 
; .0246 x 00001903 =| .0047 
(6935 x .00002742 =| .1905 2943 
.2311 x 00001801 =| eatOLI6 
Ong = (2527 
126 | Ry — .2703 A447 — -2979 Ogaz = 
{> : 00002527 = 
-00001903 = 
123 | Opig — -4810Ryz + .0061 O44, + -1542 Opi, =| 1028 
.4810 x .00003655 =| .1758 .2786 
| 0061 x .00002527 =|.0015 = 
| “1542 x .00001903 =| .0294 —.0309 
Poe = 2477 
121. | 0435 — -0387 Opig — -8774Ryz + .2259 Oyy7 =| .1220 F 
0387 x .00002477 =| .0096 
“6774 x .00003655 =| .2473 .3789 
2259 x .00002527 =| 0070 
Care 8219 
I a aa aie Ts 
118 Rig bad .2714 O16 — . 3035 OB16 = . 2823 
.2714 x .00003219 =| .0873 
® = "3035 x .00002477 =| .0/52 
Ri = 4448 
| es 
115 | Ogig — -5182Ryg + -0062 Agig + -1647 Opie S|) vine 
.5132 x ,00004448 =| .2280 3458 
.0062 x .00003219 =| 0020 
-1647 x .00002477 =| 0408 —.0428 
ae "3030 
—- =| .1414 
Bare — 0389 Opi, — -7091Ryg + -2364 Ayr, ; 
ll it Be 0389 x .00003030 =| .0118 
“7091 x .00004448 =| 13180  .4712 
' 2364 x .00003219 en Ke 
} O15 — .3950 
Ri, — -2718 A415 — -3006 Op, =| .3361 
pO: fb au hs 2718 x .00003950 =| 1072 
I .3006 x .00003030 =| .0912 
eee 5345 
— .5109R,. + .0120 O41, + -1581 Api5 =| .1444 
; 107} Opis 15 a 5109 x 00005345 =|_.2730 4174 
: 0120 x .00003950 =| .0047 
‘ “1581 x 00003030 =| 0480 —.0527 
{ Opin = 8647 4 


TE aia. eee el 


102 


| Tante 15 ee 
DETERMINATION OF THE CHANGES IN THE SLOPES AND OF re R 
or DEFLection to Story HEIGHT IN THE SYMMETRICAL TI 
Span Twenty-Story Bent SHOWN IN Fie. 5. 


Left-Hand Member of Equation 


The first line in each group is the algebraic opr of the eanation. 


The successive lines are the numerical values of 


By14 — -0775 Ogi, — -6624 Ry, + .2210 Ogre 


Ry — -2790 O4y4 — -3096 Opiy 


99 | Opis — -5928R,, + .0124 @,,, + .1853 On, 


97 | A413 — -0695 Opis — -7560 Ry, + .2520 Oy, 


94 | By — 


91 


89 | Oni — -0766 Opi. — 


81 


.2789 0.413 — -3092 gig 


Opig — -3920.Ryg + .0138 A,;3 + -1835 Opis 


R 


7472 Rig + .2490 O49 


12 — -2750 A419 — -3160 Opio 


Og11 — -6150 Rip + .0139 Oyyo + .1912 Opie 


A431 — -9770 Op, 


Ry, — -2746 O43, — -3147 Opy 


5928 x .00005850 


0124 x .00004578 
[1853 x 00003647 


-0695 x .00004224 
-7560 x .00005850 


-2520 x .00004578 


~.2789 x .00005218 
-8092 x .00004224 


-5920 x .00006630 


-0138 x .00005218 
1835 x .00004224 


-0766 x .00004789 
- 7472 x .00006630 


-2490 x .00005218 


-2750 x .00005842 
3160 x .00004789 


-6150 x .00007330 


-0139 x .00005842 
-1912 x .00004789 


.2746 x .00006508 
3147 x .00005346 


9513 


DS 
ie) 
= 
~ 


Opn 


a ee 
0 — .7560 Rip + .2520 Oyy9 


0770 x .00005346 
- 7560 x .00007330 


-2520 x .00005842 


Pant 


(LL 


Hone 


=| .1487 es 

=| .3470 4957 

=| .0676 —.0733 

= 4224 
.1658 


ou wo 


Heth 


1715 
-8921 


0072 
-0775 —.0847 


-4789 


-5636 


Wt tl 


- 1816 
0366 


.4960 7142 
—1300 
5842 


4216 


- 1603 
-1511 


i tt 


- 7330 
————_— 


.1831 
.4512 6348 


-0081 
-0916 —.0997 


-5346 


2018 
0411 


-5550 7979 
—.1471 
-6508 


How et 


~ 
p> 
ime) 
o 


1790 


z 


Howl 


ris 


Left-Hand Member of Equation 


The first line in each group is the algebraic form of th tion. 
The successive lines are the numerical values of the mo = 


.6061 x 00008140 = 


.@179 x .00006508 = 
1841 x .00005346 = 


| Ogio — -6061 Ry, + .0179 O44, + -1841 Opry 
| : 5 ‘ 


. =e p10 
3 | Axyq — -1082 Ogg — -7278 Ry + . 2426 Oay =i is = 
= .1082 x .00006018 = 

.7278 x .00008140 = 
2426 x .00006508 = 
en = 


; 70 | Ry — -2601 A449 — -3423 Opi 


.2601 x .00007051 
. 3423 x .00006018 


Wot 


: Rio 
67 | Ogg — -6991 Ry + -0181 Big + -2151 Ogio = 
' 6991 x .00008432 = 
.0181 x .C0007051 = 
“2151 x .00006018 = 
Op = 
65 | Aggy — -1038 Ogg — -7655Ryy + .2551 Aa iy ~ 
.1038 x .00006526 = 
-7655 x .00008432 = 
.2551 x .00007051 = 
Oa9 = 
62 | Ry — .2602 64, — -3372 Ogg = 
” - .2602 x .00007390 = 
- 3372 x .00006526 = 
Lie Pout 
BD | @gg — .6908 Ry + .0231 Axq + -2072 Oyo = 
| = f .6908 x .00008841 = 
.0231 x .00007390 = 
:2072 x .00006526 = 
if bis = 


57 | Oy, — -1382 Ogg — -7000Ry + -2334 Oy 
o - ‘ .1382 x .00006586 
.7000 x .00008841 


2334 x .00007390 


54 — .2738 O,. — -3118 @ 
es A8 =e 2738 x .00007446 


.3118 x .00006586 


[thee 


) 


— 


51 | Op, — -5814 Ry + -0112 Ogg + -1826 Ops 


OA de ether vip me tn yey 
=) 
> 
i] 


5814 x .00007867 


0112 x .00007446 
.1826 x .00006586 


wet 


D> 
ie} 
2 


iy te A ch i 


‘CHANGES IN THE SLOPES AND OF THE 


Rat 


Right-Hand 
Member of 
Equation 


Coefficient of = 
-0001 


2178 

4940 .7118 
“0116 

“0984 —. 1100 
6018 

"2055 

6651 
"3025. 8631 
pam =ai) 7) 
7081 

4540 

1833 

“2059 
Base 

“2056 
5890. 7946 
cs 
"1293 —.1420 
"6526 

2053 

0677 
_-6460__.9190 
1800 
"7390 

AT19 

1922 

"9900 
.8s41 

2008 
6100 .8108 

0171 
"1351 —. 1522 
6586 

2079 

0910 
"6182 .9171 
— 1795 
“7446 

~ 8774 

2038 

"9055 
Saar aay, 

1562 
"4570 .6132 


0083 
1203 —. 1286 
4846 


| 


i 
p i 


- OF DEMEeH OR: TO STORY ene IN THE SYMMETRICAL 1 PH 
SPAN TWENTY-STORY, BENT SHOWN IN Fie. 5. 


Left-Hand Member of Equation 


_ The first line in each group is the algebraic form of the equation. 
The successive lines are the numerical values of the terms. 


aq — -0640 02, — 


.T422Ry + .2474 Ogg 


-0640 x .00004846 


Hott wet 


2 
5 


R, — .2711 O47 — .3090 Oy, 


-2711 x .00006044 
-3090 x .00004846 


tte tt 


| 


43 | Ogg — .5489 Ry + .0090 0,4, + .1739 Oy, ae 
. x .0000 


-0090 x .00006044 
-1739 x .00004846 


41 | O4¢ — -0540 63, — .7192 R, + .2397 04, 1946 


pat ee 
= 


.0540 x .00004730 
“7192 x .00007147 


-2397 x .00006044 


- 7342 
—.1448 


0256 
5140 


‘ Ps 5894 
=| .4216 
. 2648 x .00005894 =| .1561 
3000 x 00004730 =|_-1420 


| 38 | Ry— .2648 A,, — .3000 Op, 


R, 7197 
35 | Ops — -4496 Ry + .0013 O44 + .1487 Ope =| .1486 

.4496 x .00007197 =| .3240 .4726 
.0013 x .00005894 =} -0008 

.1487 x 00004730 =| .0704 —.0712 

O35 = 4014 
33 | a5 — -0092 Oy, — .6676 Ry + .2225 4, =] .1879 
.0092 x .00004014 =} .0037 

6676 x .00007197 =| .4802- .6718 

.2225 x 00005894 =|. nee 
30 | R; — .2638 9,, — .2981 9. =| .4473 
. 2638 x 00005408 =| 1424 

F -2981 x .00004014 =|_.1196 ‘ 

— Ry = ee 

27 | Oy, — -4348R; + .0048 4, + .1401 Ons =| .1550 

.4348 x 00007093 =| .3080  .4630 

.0048 x .00005408 =| (0020 as 

1401 x .00004014 =| .0563 —.0589 

m4 =| 404i 
25 | Aaq — -0355 Op, — 6371 R, + 2123 G4, =| .2000 
.0355 x .00004041 =| .0143 

.6371 x .00007093 =| .4515 6658 

.2123 x 00005408 = —.1150 

Os, = 5508 


| a 
, = 
i 
Zz 
1 
. 


Deh peak Deen eck give is shoalestesie:caiel ts ti 
The | successive lines are the numerical values of the eee ne 


Ogg — -4696R, + .0030 O44 + .1535 Op, 


Og — -0196 Oy, — 6881 R, + .2294 Oy, 


R, — .2689 643 — 


Ry — .2627 Oo 


Og, — -3612 Ry — 


O41 + -0680 Og, — 


R, — .2495 641 — 


— .0191 bg, — 


.2980 Og 


Oyo — -4511.R, + .0027 O45 + -1476 Ops 


6857. Ry + .2286 O45 


.2918 Ope 


0088 O49 + 1292 Apo 


6494 Ry + .2164 Ago 


2495 Bg, 


Left-Hand Member of Equation 


.4696 x .00006932 


-0030 x .00005508 
1535 x .00004041 


-0196 x .00004160 
- 6881 x .00006932 


2294 x .00005508 


.2689 x .00005506 
2980 x .00004160 


.4511 x .0000. 285 


.0027 x .00005506 
1476 x .00004160 


.0191 x .00004424 
.6857 x .00007285 


2286 x .00005506 


.2627 x .00005967 


2918 x .00004424 


.38612 x .00007877 
0088 x .00005967 


-1292 x .00004424 


.6494 x .00007877 


.0680 x .00003809 
2164 x .00005967 


2495 x .00006227 
.2495 x .00003809 


a) 


DS 
w 
& 


ai) 


| Al 
cs 
> 
~ 
| 


th Wil 


o 


Hou 


Right-Hand — 
Member of 
Equation — 
Coefficient of 
0001 


: 


5512 
1295 


A 
9609 


- 2862 


2008 ~~ 
0729 —.2737 
6932 


Hoe 


1540 
.38257 4797 


0017 

0620 —.0637 
4160 

.1917 7 


0082 A 
-4770 — .6769 _ 
— .1263 
5506 


4564 
. 1481 
1240 


Hout ll 


. 7285 


.1768 
3285 


5053 


WoW Wl 


0015 
0614 —.0629 
4424 


2151 


. 0085 
.4990 7226 


—.1259 
5967 


ll 


I 


Ill 


4381 
= —.0572 
= 3809 
=| .2667 
=| .5110  .7777 


0259 
1291 —.1550 


6227 
=| .5667 Es 
=} .1553 | 
=| .0951 
=| mst 


vl 


 _— — a a 


i _ - 


> ,au 4 es LOT) 
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TABLE 16. 


VALUES OF R AND @ FOR THE SYMMETRICAL THREE-SPAN ‘TWENTY- 
Story Bent SHOWN IN Fic. 5, AND THE FUNCTIONS OF THESE 
VALUES THAT OccUR IN THE EQuaTIons USED TO DETERMINE THE 
MoMENTS IN THE COLUMNS AND GIRDERS. 


a ei ante eS 

S| 3 oe ae 

OL 

< () =~ ie c) Za Zz | 

S sS s Z s 
fe eS S ie a a Ey a] =f < re BS $ 
zs * w M “ * “ ak M+ “ eed tga! a xy |S 
=) =) ; 

Pres) 2) = fe |S ecisepe leslecice Sez 3 
nA = =] = =} = = See oS eee eS I BD | ee Sem fe | he 


1 8171] .6227] .3809||2.4413]/1.2454] . 7618}|/1.6263)1.3845}1.1427]| 1.8186] 1.1959}| 2.0604] 1.6795 1 
2 -7877| .5967) .4424}/2.3631]1.1934] .8848]]1.6358}1.4815)1.3372]| .5210| .5470}| 1.1589] 1.0974 2 
3 7285) .5506) .4160]]2.1855}1.1012| — 8320}]1,5172}1.3826)1,2480]| .4415}- .4876]} 8847] .9111 3 
4 6932] .5508] .4041)/2.0796]1.1016] . 8082) |1.5057)1.3590]1.2123]| .4276] .4274|| .8435] . 8554 4 
5 - 7093} .5403] .4014)]2.1279]1.0816] .8028]]1.4830)1.3436]1.2042]] .4855] .4955|| .9183] _9210 5 
6 7197) 5894) .4730]|2.1591)1.1783) .9460}|1.6518}1.5354/1.4190]/ .4881] .4395]| .8833] .8117 6 
7 -T147] 6044] .4846]/2. 1441/1. 2088] . 9692) ]1.6934]1.5736]1.4538]| .3609] .3459|| .7135] | 7019 7 
8 .7867| .7446) .6586}}2.3601]1 489213172] |2.1478]2.0618]1.9758]| .4067] .2665]} .7323] 5583 8 
9 -8841} .7390] .6526]|2.6523/1.4780]1 3052] |2.1306]2.0442/1.9578|| .4241] .4297|] .6825] -6885 9 
10 8432) . 7051] .6018]]2.5296]1, 410211. 2036] |2.0120]1.9087]1.8054|| .3465] .3804]| 6226 .6734}] 10 
11 }} .8140) 6508] .5346}|2. 4420/1 .3016]1.0692}/1 8362/1 7200]1.6038]} 3810] .4353]] .7038] .7710}| 11 
12 -7330] .5842] .4789}|2.1990}1. 1684] .9578}]1.6473]1.5420]1.4367]] .3132| .37981] 6509] “zoeel| 12 
13 -6630} .5218} .4224)/1.9890]1.0436] .8448]]1.4660]1.3666]1. 2682 2988] .3612 6088} .6653|| 13 
14 5850] 4578] .3647]|1.7550] 9156] .7294|]1.2803]1, 1872]1.0941 2536} .3176 5455] .6032|| 14 
15 -5345] .3950] .3030]/1.6035] .7900] .6060]}1.0930]1.0010} .9090 2929) .3557 5711) .6328]) 15 
16 4448) 3219) .2477]|1.3344] .6438) .4954]| .8915] .8173] .7431 2225) .2956|) .4807| .5360]| 16 
17 .8655) 2527) .1903]|1.0965] .5054] .3806]| .6957] .6333] .5709 2000] .2692|) 4108) .4682]| 17 
18 -2742) 1801) .1361]| .8226] .3602] .2722]| .4963] .4523] .4083 1371} .2097]| .3059| .3601]| 18 
19 - 1836] .1085] .0335}} .5503} .2170] .1670]| .3005] .2755| .2505 0821) .1537|| .1951| .2477]| 19 
20 -0976) 0517] .0338]] .2923} .1034] .0676]] .1372] .1193] .1014 . 20 


: 
* N represents the number of the story in question, and (N—1) the story below. 


WILSON-MANEY—WIND STRESSES 73 


TABLE 17. 


VALUES OF K FOR THE COLUMNS AND THE GIRDERS OF THE SYMMETRI- 
CAL THREE-SPAN TWENTY-STORY BENT SHOWN IN Fic. 5, AND THE 
FUNCTIONS OF THESE VALUES THAT OCCUR IN THE EQUATIONS 
UsEpD TO DETERMINE THE MOMENTS IN THE COLUMNS AND GIRDERS. 


K for Girder .0001 x 2EK for 


at Top of K for Girder at Top of * 0001 x 2EK for 
Story in Story in 
3 
2 Bay Bay Column | Column Bay Column Column 
eee ee Fp a ee a b a A B 
1 30.5 37.3 25.8 25.8 177 000 216 200 149 600 149 600 
2 21.4 29.2 35.6 35.6 124 100 169 400 206 300 206 300 
3 21.4 26.2 35.4 35.5 124 100 152 000 205 500 205 800 
4 19.5 26.2 35.4 35.5 113 050 152 000 205 500 205 800 
5 19.5 23.8 29.4 30.4 113 050 138 050 170 500 176 300 
6 14.1 17.2 29.4 30.4 81 750 99 700 170 500 176 300 
7 12.8 15.7 28.7 30.0 74 250 91 100 166 500 174 000 
8 (its 9.4 28.7 30.0 44 600 54 500 166 500 174 000 
9 Wet 9.4 PA ipa | 26.1 44 600 54 500 122 400 151 300 
10 7.7 9.4 21.1 26.1 44 600 54 500 122 400 151 300 
11 wee 9.4 18.8 19.9 44 600 54 500 109 000 115 400 
12 + rf 9.4 18.8 19.9 44 600 54 500 109 000 115 400 
13 Fie 9.4 18.3 18.6 44 600 54 500 106 100 107 900 
5 9.4 18.3 18.6 44 600 54 500 106 100 107 900 
15 tf 9.4 14.3 14.6 44 600 54 500 82 900 84 600 
‘ 9.4 14 3 14.6 44 600 54 500 82 900 84 600 
Hy it 9.4 13.1 13:2 44 600 54 500 76 000 76 500 
18 ews 9.4 13.1 13.2 44 600 54 500 76 000 76 500 
A 13.1 13.2 44 600 54 500 76 000 76 500 
ee et ee ae ee eee a7 04 13 13.2 44 600 54 500 76.000 76 500 


TABLE 18. 


Moments at THE ENDS oF THE CoLuMNS AND GIRDERS OF THE SYM-_ 
METRICAL THREE-SPAN TWENTY-STORY BENT SHOWN IN Fic. 5. 


Moments are expressed in inch-pounds. 


: 7 aoe Moment in 
Moment in Girder nedae - 
Moment in Column A* | Moment in Column B at Top of Story : be hoot a 


in Bay a Bay b 


ee S Ee + I ; 
L he - KS = 7; 
f = | ire ee gs < H 
s La s x gs s 
p aot ee ae ee at. is | 23 
ei ts | $s ts |S | oes) pees ee 
= o = Sure oO. Cas = 8 3 
> | cs | #8 | fe | 2g : <2 | #2 
y a als! aa =| < a = = < =| in 
. 
, 1 178 800 272 000 251 000 308 200 287 800 245 000 247 500 
; 2 113 000 107 500 226 500 239 000 203 000 184 000 226 000 
: 3 100 300 90 700 187 500 182 000 187 100 171 700 189 600 
I 4 87 800 87 800 176 100 173 500 170 500 153 600 184 400 
| 5 84 500 82 800 162 300 162 000 167 700 152 000 166 000 
6 75 000 83 200 143 300 155 700 135 000 125 600 141 500 
7 57 600 60 000 - 122 000 124 000 125 900 117 000 132 500 
8 44 400 67 700 + 97 200 127 500 95 800 92 000 107 800 
: 9 52 550 51 900 104 200 103 300 95 000 91 100 106 800 
10 46 500 42 400 102 000 94 200 89 600 85 000 98 500 
11 47 500 41 500 89 000 81 200 81 900 76 600 87 500 
12 41 400 34 100 81 500 75 100 73 400 68 600 78 300 
. 13 38 300 31 700 71 800 65 600 65 300 60 800 69 100 
14 33 700 26 900 65 100 58 900 5 700 52 800 59 600 
15 29 420 24 300 53 600 48 350 48 700 49 600 49 600 
16 24 450 18 450 45 400 40 600 39 700 36 400 40 500 
17 20 450 15 400 35 800 31 400 31 000 28 200 31 100 
18 15 920 10 430 27 600 23 400 22 100 20 150 22 300 
19 11 680 6 240 18 900 14 930 13 380 12 250 13 650 
20 6 150 1750 10 830 7 040 6 110 5 320 5 530 


*N represents the number of the story in question, and (N—1) the story below. ; f 
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TABLE 19. 


DrREcT STRESSES IN THE COLUMNS, AND THE SHEARS IN THE COLUMNS 
AND GIRDERS OF THE SYMMETRICAL THREE-SPAN TWENTY-STORY 
BENT SHOWN IN Fic. 5. 


All quantities are in pounds. 


; Shear in Girder at ; : 
é Shear in Top of Story tn Direct Stress in 
a 
a Column Column Bay Bay Column Column 
n A B a b A B 
1 1 709 2115 2 020 2 290 14 464 4 587 
2 1149 2 421 1 467 2 095 12 444 4317 
3 1 136 2 200 1 360 1 755 10 977 3 689 
4 1 044 2 080 1 228 1 709 9 617 3 294 
5 995 1 931 1 210 1 536 8 389 2 813 
6 940 1 780 986 1310 7179 2 489 
7 816 1 709 920 1 228 6 193 2 163 
8 779 1 560 712 996 5 273 1 855 
9 725 1 440 705 988 4 561 571 
10 617 1 363 661 912 3 856 1 288 
11 618 1 180 600 810 3 195 1 037 
12 524 1 088 538 725 2 595 827 
13 486 954 478 640 2 057 640 
14 421 861 416 552 1 579 478 
15 373 710 354 459 1 163 342 
16 298 597 288 375 809 237 
17 249 466 221 288 521 150 
18 182 354 160 206 300 83 
19 124 235 97 126 140 37 
20 55 124 43 51 43 8 
le ee ee | eee 
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TABLE 20. 


~ 


CHECK ON THE NUMERICAL VALUES OF THE 
MoMENTS AT THE ENDS OF THE COLUMNS AND 
GIRDERS OF THE SYMMETRICAL THREE-SPAN 
TWENTY-STORY BENT SHOWN IN Fie. 5. 


Quantities are in inch-pounds. ~~ 


For a perfect check the corresponding quantities in the two columns of each 
group of columns should be identical. 


s 3 ae ° £8 EI gS | BES 
g sp ||age | oe || 3a | Ba. 
=3 | #28 ||o. | 24 |/Sig |oae 
Ps ain © aut iss 
sa | ge || 226 °25 283 | eas 
= +S oe TI ao°> 
of | S82 fea | 222 | es | Eee 
1 a 22 ||S82 | Oso || 383 | 33. 
as pein ae BAS 2 SP os EL) 
. 3 SES a8 Bis 4 4358 
2 \| ab = -% Ss8 lies | E2368 
a 3 Sao SBS p go38 S582 | sung 
E|| 38 as. || suse | ESS || Imes | #298 
J z io ges ZrwOa sk Z os geese 
; 
1 |] 2.035 000 | 2020000 | 286300 | 287800}! 490000] 492500 
2 |] 1370000 | 1372000 | 203700 | 203000 |} 408500 | 410 000 
, 3 || 1123000 | 1121000 | 187100 | 188100 || 361000] 361 300 
| 4 || 1053 000 | 1050400 |; 170500 | 170600} 338100] 338 000 
5 || 983000} 983200 || 167700 | 167700 || 318000 | 318 000 
| 6 || 913000} 914400 || 135000 | 135000 || 267300] 267 100 
7 || 725000} 727200 |} 125900 | 125300 || 249500 | 249 500 
| 8 || 673.000 | 673 600 95 800 | 96300 || 200500} 199800 
9 || 622000} 624 000 95000 | 94950 || 198400} 197900 
10 || 570000} 570200 89600 | 88.000 |} 183 200 | 183 500 — 
11 |} 518000} 518 400 81900 | 81600 || 164100] 164 100 
12 || 466.000 | 464 200 73 400 | 72100 || 147100] 146 900 
13 || 414000] 414 800 65300 | 65200 || 130700 | 129 900 
14 |} 363.000} 369 200 57000 | 58000 || 113450] 112 400 
15 || 311000] .311400-]} 48700} 47870 || 94200] 94200 
16 |} 259000] 259 800 39700 | 39850 }} 76800} 76900 
17 || 207500} 206 200 31.000 | 30880 |} 59200] 59300 
18 || 155300] 154 800 22100 | 22160 || 42530] 42450 
19 || 103.600} 103 500 13380 | 13430]|} 25940] 25 900 
20 51800 | 51 540 6 110 6 150 10830] 10 850 
= f 


1 OF THE ercane eee IN THE EQUATIONS 
. TO DETERMINE THE SLOPES AND THE DEFLECTIONS IN 
Bottom Srory OF THE SYMMETRICAL THREE- SPAN 
Ty ‘TWENTY-STory BENT SHOWN IN Fic. 5, BY A MODIFICATION 
OF THE SLOPE-DEFLECTION METHOD. 


Left-Hand Member.of Equation 


Story No. 2 


Op Rs 


R | Oa1 | Opi R | Oa9 


Coefficients of Unknown Slopes and Ratios of Deflection to Story Height 


—1.0000} —5. 1856 2.9834]| —1.1082 


A 
| B 
Cc 
D 71.2 2 
E —106.8 220.2 21.4 —106 2 
: PF 21.4 
G 141.6 
A 0. 
B ; . 1.3798] —0.4599 0.0000 
Cc —0.3941] —3.8204 1.3798 —0.4599 0.0000 
ig. A-B 2.1252 0.1445|} —1.3798 0.4599 0.5667 
B-C —1.9807 
: 1 —0.6494 
2 
D —4.0000 3 . : 
in. E —3 .0000 6.1856 0.6012]; —2.9834 0.0000 
: ‘ 1-2 1.7980]| —0.6494; —0.0158 0.2322 0.2667 
2-D —2.7300 4.0000} —0.7678} —1.2322 1.1082 
D-E 


3 1 —0.3612} —0.0088] 0.1292 0.1483 

4 1 —1.4652| 0.2812} 0.4513 —0.4059 

. 5 1 —1.0000] —5.1856] 0.3988 2.9834|] —1.1082 

F 1 —3.0000} 0.6012)  8.6547|| —2.9915 0.0000 

34 0 1.1041] —0.2900] —0.3222 0.5543 

4-5 0 —0.4652} 5.4668)  0.0525]| —2.9834 0.7023 

5-F 0 2.0000] —5.7868] 8.2559 5.9749|| —1.1082 

6 1 | —0.2627/ —0.2918 0.5021 

7 1 k—40, 7518): 0.1128 6.4127|| —1.5095 

8 1 | —2.8934| —4.1279 2.9875|| —0.5541 

; 6-7- 0 11.4891] —0.1790]| —6.4127 2.0116 

7-8 0 | —8.8534} 4.0151 3.4252|| —0.9554 
; 

i: 9 1 —0.0156}| —0.5600 0.1750 

10 1 | —0.4540|| —0.3862 0.1079 

. G 1 1.0030]]| —2.0010|] —0.4555 

9-10 0 0.4384|] —0.1738 0.0671 

i 10-G 0 | —1.4570 1.6148 0.5634 

} rl 1 —0.3961 0.1530 

12 1 —1.1090/| —0.3865 

11-12 0 0.7131 0.5395 

. 13 1 0.7560 

| 


{ 
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TABLE 22. 


DETERMINATION OF THE CHANGES IN THE SLOPES AND THE RATIO 
OF THE DEFLECTION TO STORY HEIGHT IN THE BoTTOM STORY OF 
THE SYMMETRICAL THREE-SPAN TWENTY-STORY BENT SHOWN IN 
Fic. 5, By A MopIFICATION OF THE SLOPE-DEFLECTION METHOD. 


No. of ‘ Right-Hand 
Equa- Left-Hand Member of Equation Member of 
tion Equation 
The first line in each group is the algebraic form of the equation. Coefficient of 
The successive lines are the numerical values of the terms. . 0001 


R, =| -7560 
11 Ono — -3961 Ry =| .1530 
.3961 x .00007560 =| .2995 
6a, = 4525 
9 | Ago — -0156 Ap, — .5600 R, =| .1750 
-0156 x .00004525 =} .0071 
.5600 x .00007560 =| .4240 
O49 = .6061 
6 | Ry — .2627 Ay — .2918 Apo =| .5021 
.2627 x .00006061 =| .1593 
. 2918 x .00004525 =| .1320 
R, = 7934 
3 | Opy— -3612 R, — .0088 4, + .1292 Ono =| .1483 . 
.3612 x .00007934 =| .2865 
.0088 x .00006061 =| .0053 4401 
.1292 x .00004525 = —.0585 
Og = .3816 
1 | 64, + -0680 6,, — .6494 R, + .2164 O44 =| .2667 
.6494 x .00007934 =|'.6150) 7887 
0680 x .00003816 =| .0260 
2164 x ,00006061 =| .18138 —.1573 
04 = 6244 
A | Ry — .2495 @,, — .2495 Op, =| 5667 
.2495 x .00006244 =| .1556 
.2495 x .00003816 =| .0951 


R, 8174 J 
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TABLE 27. 


; % 
ad or THE Proportions oF A BENT Upon THE ACCURACY OF MetHop a: Ms 


ALL GIRDER SECTIONS ARE THE ‘SAME. 


All stories of a bent are identical, a the shears on all stories are equal. All column sections are equal, all girder sections ‘ 
are equal, and the column sections are equal to the girder sections. 


each bent the upper line is the moment in per cent of W x h, and the lower line is the moment in per cent of th t 
deter ani by the slope-deflection method. * aa 


i Moment at Top Moment at Top 
Bebe of and Bottom of and Bottom of {Moment at Right | Moment at Left | Moment at End 
Column A Column B End of Girder a | End of Girder a of Girder 6 


__ |Ratio of|Ratio 
3 | Story [Width of Slo; 
iec- sflec- : eflec- 
tion | Method i tion | Method 
Method I hod I Method I Method Tee 


15.91 | 15 5 , 13.67 | 19.24 | 18. 
100.0 90. : 5 100.0 |140.7 |100.0 


15.00 | 17. 5 : 16.66 | 15.0 | 13. 
00.0 |\r16. : c 100.0 | 90.0 |100.0 


14.13 | 20.00 ; 4 19.54 | 10.00} 8. 
100.0 {141.5 : > 100.0 | 51.2 |I00. 


16.91 | 15. a i: 13. 19.24 
20. | 00). 3 ; 100. 145.5 


Bn ba be : _ 16. 15.00 
IIl. : x 100. 90.0 


20. A 19. 10. 
138.0 x ‘ 100. 50.6 


15.38 ; F 3 19. 
87.0 p 5 149.0 


17.50 
108.7 


20.00 
136.1 


TABLE 28. 


he ., 


dentical and the shears on all stories are equal. All column sections are equal, 
_ % et a uiodler a are equal, and the ratio of the moment of inertia of girder a to the moment of ir 
girder b equals the ratio of the bending moment in girder a to the bending moment in girder b, as determined by method 


th t in per cent of W xh, and the lower line is the monies. emcee at aie 
For each bent the upper line is eanomment Ae ¢ per we ohilhactog wot ak 


e 


Moment at To; — - To; ic) ak ae 
ions of d Bottom o an m o! oment at Righ’ oment ai 
abuso eam Column B | EndofGirder o | End of Girder a 


it 


—{$§$ | Fs | —  ———S _ 


A ei 


Rat y |Wadth of | St sh Slo Slo 
cS) tory 1 (0) lope- 0) 
. 4 | Height |Bay a to | Deflec- Deflec- Detlee- Deflee- 
7  |to Width|Width of | tion | Method tion | Method | tion | Method tion | Method 
~ Jof Bay a] Bay b | Methed I Method I Method | - I Method I 
4 2 2 9.75 9.62 | 15.25 | 15.38 | 19.50 | 19.24 | 16.05 | 19.24 
My 100.0 | 98.8 |100.0 |100.5 |100.0 | 98.8 |100.0 |r120.0 
Pie 1 9.60 | 7.50 | 15.40 | 17.50 | 19.2 | 15.00 | 15.60 | 15.00 
100.0 78.1 |100.0 |113.6 |zo0.0 78.1 |100.0 | 96.1 
Silene 0.5 9.45 | 5.00.] 15.55 | 20.00 | 18.9 10.00 | 15.10 | 10.00 
100.0 | 52.9 |100.0 |129.0 |100.0 | 52.9 |100.0 | 66.3 
AN 2 9.05} 9.62 | 15.95 | 15.38 | 18.10 | 19.24 | 15.70 | 19.24 
100.0 |106.2 |100.0 | 96.2 |100.0 106.2 100.0 |122.5 
AA a 1 8.85 | 7.50 | 16.15 | 17.50 | 17.70 | 15.00 | 15.20 |-15.00 
100.0 84.8 |100.0 |108.3 |roo.o 84.8 |100.0 98.8 
(Til em O25 8.60 | 5.00 | 16.40 | 20.00 | 17.20 | 10.00 | 14.7 10.00 
i 100.0 58.0 |100.0 |122.0 |r00.0 58.1 |100.0 68.0 
Gal 0,6: 2 8.55 | 9.62 | 16.45 | 15.38 | 17.10 } 19.24 | 15.80 | 19.24 
100.0 {112.5 |100.0 | 93.2 |100.0 |112.5 100.0 |122.0 
8] 0.5 1 8.30 | 7.50 | 16.70 | 17.50 | 16.60 | 15.00 | 15.20 | 15.00 


100.0 90.3 |100.0 |105.0 |100.0 90.4 |100.0 98.8 


9} 0.5 0.5 8.00 5.00 | 17.00 | 20.00 | 16.00 | 10.00 | 14.60 | 10.00 
100.0 62.5 |100.0 |117.5 {100.0 62.5 |100.0 68.5 


os aud 
5 = 


ee ad: 
2 TABLE 29. 


~ 


ErFFEct OF THE PROPORTIONS OF A BENT Upon THE ACCURACY OF 
MeEtuop II. 


. 
-* Oe J » 
tories of a bent are identical and the shears on all stories are equal. All column sections are equal, the moments of 
ertia of column A and girder a are equal, and the ratio of the moment of inertia of girder a to the moment of inertia of 
der 5 equals the ratio of the bending moment in girder a to the bending moment in girder b, as determined by method IT. 


=e 
r each bent the upper line is the moment in per cent of W xk, and the lower line is the moment in per cent of the moment 
ae ° as determined by the slope-deflection method. - ’ 


Moment at Top Moment at en 3 : 
ions of and Bottom of and Bottom of | Moment at Right | Moment at Left | Moment at End 
e Bent Column A Column B End of Girder a | End of Girder a of Girder b 


Pa ith ; 
0} 
tory idth o! mt 


leight |Bay a to e fi ec- 
idth of} _ tio i i ) tion | Method 
oe Sg Il II II Il Method I 


15.25 | 16.66 
100.0 |109.3 


3 

9 

3 10.60 | 16.66 
10 |r00.0° |r57.7 
3. 

8 


igo 6.55 | 16.66 
100.0 |255.0 


are tL 2 8.82 | 12.50 | 16.18 | 12.50 | 17.64 | 25.00 | 15.26 8.33 | 17.10 | 16.66 
100.0 {141.8 {100.0 77.3 |\100.0 |141.8 100.0 54.6 |100.0 97.5 

) eile ak Wy od 10.10 | 12.50 | 14.90 | 12.50 | 20.20 | 25.00 | 18.45 8.33 | 11.35 | 16.66 
100.0 |123.8 100.0 83.9 |100.0 |124.0 |100.0 45.20 |100.0 |146.8 

Gi 1 0.5 11.00 | 12.50 | 14.00.] 12.50 | 22.00 | 25.00 | 21.20 8.33 6.80 | 16.66 
100.0 |II3.5 |100.0 89.3 |100.0 |II3.7 |100.0 39.3 |100.0 |245.0 

} —= | Klc§| lS cl oer oO, [(——_2_~_ Tr Sa 

is 12.50 | 16.70 | 12.50 | 16.60 | 25.00 | 15.20 8.33 | 18.20 | 16.66 
i » oh dea ; Se - 150.6 |100.0 74.9 |100.0 |I50.7 |100.0 54.9 |100.0 91.6 
| . 12.50 | 15.20 | 12.50 | 19.60 | 25.00 | 18.55 8.33 | 11.85 | 16.66 
oe? : ee 127.5 |100.0 82.3 |100.0 |127.0 |100.0 44.9 |100.0 |140.5 
; .50 | 14.15 | 12.50 | 21.70 | 25.00 | 21.40 8.33 6.9 16.66 

: os io pee ae 100.0 88.4 100.0 |II5.0 100.0 38.9 100.0 \241.5 


et a ee 


TABLE 30. 


EFFECT OF THE PROPORTIONS OF A BENT UPON THE ACCURACY 
oF Metuop III. 


An stories of a bent are identical and the shears on all stories are equal. All column sections are equal, the mome 


inertia of column A and girder a are equal, and the ratio of the moment of inertia of girder a to the moment of inertia. 
girder b equals the ratio of the bending moment in girder a to the bending moment in girder b, as determined by pee 


For each bent th line is the moment in per cent of Wxh, and the lower line is the moment in per cent of the mc 
‘a aoe as determined by the slope-deflection method. 


bs 


Moment at Top | Moment at ej . 
Proportions of and Bottom of and Bottom o! Moment at Right | Moment at Left | Moment at End 
e Bent Column A Column B End of Girder a | End of Girder a of Girder b 


Ratio of|Ratio of 


3} Story |Width of | Slo Slo Slo Slo 
2 4 | Height [Bay a to Detlee- Detlee- Deflee- Delee- 
7 & |to Width|Width of | tion | Method tion | Method tion | Method tion 
« lof Bay a| Bay b | Method} III | Method! III Method| III | Method 
; 1 2 2 10.12.) 12.50 14.88 | 12.50 | 20.24 | 25.00 | 17.06 
a 100.0 |123.5 |¥00.0 | 84.1 |100.0 |123.5 |100.0 
2 2 1 10.30 | 12.50 14.70 | 12.50 | 20.60 | 25.00 | 17.60 
e 100.0 |121.5 |100.0 | 85.2 |100.0 |121.5 |1r00.0 
4 
3. 2 0.5 10.67 | 12.50 | 14.33 | 12.50 | 21.34 | 25.00 | 18.79 
roo. [z17.4° |\Too.0 87.3 \rooxo- \t77.g. \Ta0.G Neen 
4 1 2 9.55 | 12.50 15.45 | 12.50 19.10 | 25.00 17.00 
100.0 |131.0. |100.0 | 80.9 |100.0 |131.0 |\100.0 
5 1 1 9.80 | 12.50 | 15.20 | 12.50 19.60 | 25.00 | 17.60 
100.0 |\127.7  |100.0 82.3 |100.0 |127.6 {100.0 
6 1 0.5 10.26 | 12.50 14.74 | 12.50 | 20.52 | 25.00 | 18.98 
100.0. |I22.0 |700.0 | 84.9 100.0 |\122.0 700.0 |:...... 
7 0.5 2 9.15 | 12.50: | 15.85 | 12.50 18.30 | 25.00 17.10 
100.0 {136.9 |100.0 78.8 100.0 |136.8 |1r00.0 


Bi ONS 1 9.46 | 12.50 | 15.54 | 12.50 | 18.92 | 25.00 | 17.63 , A 
100.0 |132.2  |100.0 80.5 |100.0 |132.1  |100.0 28.4 .0 
9) 0.5 0.5 10.05 | 12.50 | 14.95 | 12.50 | 20.10 | 25.00 | 18.95 |—5.0 10.95 | 30.00 

100.0 |124.5. |100,0 83.70 |\100.0 |\124.5 T00.0 CT 'T00.0 |274.5 


TABLE 31. 
| -Evrect OF THE Proportions oF A Bent Upon THE ACCURACY 
or Metuop IV. 
a . aug 
alae ies of a taut are identical and the shears on all stories are equal. All colin sections are equal, the moments of 


of column A and girder a are equal, and the ratio of the moment of inertia of girder a to the moment of inertia 
equals the ratio of the bending moment in girder a to the bending moment in girder b, as determined by method 1] 


; h bent the upper line is the moment in per cent of W xh, and the lower line is the moment in per cent of the moment. 
as determined by the slope-deflection method. 


Moment at To: Moment at To 
rtions of and Bottom o and Bottom of 
e Bent Column A Column B End of Girder a | End of Girder a of Girder b 


Moment at Right | Moment at Left | Moment at End — 


2 

[Ratio of Ratio of 
Story |Width of 
th Bay 


Method IV Method IV Method 


18. - 13.62 18.20 


to) 100.0 : 100.0 3 100.0 
.0 % f 20. a 16.66 r 13.23 
0 ‘ ‘ : 100. if 100.0 : 100.0 
2 0.5 10.89 8.33 | 14.13 | 16.66 | 21.74 | 16.66 | 19.56 | 16.66 8.70 | 16.66 
100.0 76.8 |100.0 |117.8 |100.0 76.6 100.0 | 85.20 |100.0 |I0I.5 
2 2 8.09 $.33 | 16.91 | 16.66 | 16.18 | 16.66 | 13.22 | 16.66 | 20.60 | 16.66 


100.0 |103.2  |100.0 98.3 100.0 |103.0 |100.0 {126.0 100.0 80.9 


1 1 9.38 8.33 | 15.62 | 16.66 | 18.76 | 16.66 | 16.64 | 16.66 | 14.60 | 16.66 
100.0 88.8 |100.0 |106.4 {100.0 88.9 |100.0 |100.0 |100.0 |I14.0 


1 0.5 10.53 8.33 14.47 | 16.66 | 21.06 | 16.66 19.74 | 16.66 9.20 | 16.66 
100.0 79.2 |100.0 |II5.0 |100.0 79.1 |100.0 | 84.4 100.0 |1&1.0 


; 7.32 8.33 | 17.68 | 16.66 | 14.64 | 16.66 | 12.96 | 16.66 | 22.40 | 16.66 
iy z TOO.0 \IT3.9 |FOO.0 04.2 100.0 |113.8 |100.0 |128.7 100.0 74.4 
0.5 ix 8.93 8.33 | 16.07 | 16.66 | 17.86 | 16.66 | 16.69 | 16.66 | 15.45 | 16.66 


I00.0 03.3 I00.0 103.7 100.0 03.3 100.0 |100.0 100.0 |107.8 


, 10.33 8.33 | 14.67 | 16.66 | 20.66 | 16.66 | 19.74 | 16.66 9.60 | 16.66 
ii e Seas 80.7%. \f00.0  \IT3.5 — \100.0 80.6 |100.0 84.4 |100.0 |\173.5 
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ILLINOIS ENGINEERING HXPERIMENT STATION 


Loc oF THE TEST OF CELLULOID MopEt No. 4. 


TABLE 32. 


Story No 
Shear W in Lb. 


in Inches 
Right- | Mid- 
Hand dle 
Span | Span 
04 04 
08 .08 
11 a1 
08 .08 
16 16 
.25 24 
14 14 
28 29 
42 42 
18 18 
36 .36 
55 .55 


Horizontal Deflection 


at 
Center of Girder 
t 


a 
Top of Story 


Change in Slope Measured on an Are Having a 19-inch Radius, in Inches. 


Force at Top of Model Force at Top of Model 


Acting Toward the Right Acting Toward the Left X 
6 at Top of 6 at Top of 6 at Top of 6 at Top of 
Column A Column B 


Right- | Left- Right- | Left- 
Hand | Hand Hand | Hand 
Side of | Side of || Side of | Side of 
Model | Model |} Model | Model 


— eA) 


20 20 09 10 
40 40 “20 21 
61 “59 ‘31 33 : 
21 1 10 10 : 
43 43 “21 20 
66 66 134 33 
18 ah ll 12 : 
37 i) 26 26 4 
59 54 39 40 . 
13 10 06 07 Re 
25 19 13 15 


